Bioturbation effects on bioaccumulation of cadmium in the wetland plant Typha latifolia: A nature-based experiment by Hoang, Trung Kien et al.
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%LRWXUEDWLRQ HIIHFWV RQ ELRDFFXPXODWLRQ RI FDGPLXP LQ WKH ZHWODQG SODQW
7\SKD ODWLIROLD $ QDWXUHEDVHG H[SHULPHQW
7UXQJ .LHQ +RDQJ DEƒ $QQH 3UREVW D 'LGLHU 2UDQJH FH )UDQFN *LOEHUW D $UQDXG (OJHU D -HDQ .DOOHUKRII D
)UDQoRLV /DXUHQW G 6DELQD %DVVLO D 7KL 7KX\ 'XRQJ EHI 0DJDOL *HULQR DHƒƒ
D /DERUDWRLUH eFRORJLH )RQFWLRQQHOOH HW (QYLURQQHPHQW (FR/DE  8QLYHUVLW\ RI 7RXORXVH 805 &156 ,137 836 7RXORXVH )UDQFH
E ,QVWLWXWH RI (QYLURQPHQWDO 7HFKQRORJ\ 9LHWQDP $FDGHP\ RI 6FLHQFH DQG 7HFKQRORJ\ +DQRL 9LHW 1DP
F (FR	6ROV 8QLYHUVLW\ RI 0RQWSHOOLHU 805,5' ,15$ &,5$' 6XSDJUR 0RQWSHOOLHU )UDQFH
G 7R[DOLP 805 ,15$ ,137 836 7RXORXVH )UDQFH
H 867+ 9LHWQDP )UDQFH 8QLYHUVLW\ 9LHWQDP $FDGHP\ RI 6FLHQFH DQG 7HFKQRORJ\ +DQRL 9LHWQDP
I *UDGXDWH 8QLYHUVLW\ RI 6FLHQFH DQG 7HFKQRORJ\ 9LHWQDP $FDGHP\ RI 6FLHQFH DQG 7HFKQRORJ\ 9LHW 1DP
+ , * + / , * + 7 6
 $QDWXUHEDVHG VROXWLRQ IRU PHWDO ELRUH
PHGLDWLRQ LQ VHGLPHQWV LV SURSRVHG
 (FRORJLFDO HQJLQHHULQJ UHOLHV RQ FRPELQHG
ELRWXUEDWLRQ DQG SK\WRUHPHGLDWLRQ
 7XELILFLGV DUH WUDQVSRUWLQJ &G GRZQZDUG
LQ VHGLPHQWV VXUURXQGLQJ WKH SODQW URRWV
 &G ELRDFFXPXODWLRQ LQFUHDVHV LQ 7ODWLIROLD
URRWV ZLWK ELRWXUEDWLRQ
 &RPELQLQJ &G FRQWDPLQDWLRQ DQG ZRUP
ELRWXUEDWLRQ RSWLPL]HV 5RRWV (QULFKPHQW
(&5
* 5 $ 3 + , & $ / $ % 6 7 5 $ & 7
D E V W U D F W
7KHGHYHORSPHQWRIHIILFLHQWELRUHPHGLDWLRQWHFKQLTXHVWRUHGXFHDTXDWLFSROOXWDQWORDGLQQDWXUDO
VHGLPHQWLVRQHRIWKHFXUUHQWFKDOOHQJHVLQHFRORJLFDOHQJLQHHULQJ$QDWXUHEDVHGVROXWLRQIRUPHWDOELRUHP
HGLDWLRQLVSURSRVHGWKURXJKDFRPELQDWLRQRIELRWXUEDWLRQDQGSK\WRUHPHGLDWLRQSURFHVVHVLQH[SHULPHQWDO
LQGRRUPLFURFRVPV7KHLQYHUWHEUDWHV7XELIH[WXELIH[2OLJRFKDHWD7XELILFLGDHZDVXVHGDVDQDFWLYHHFRORJLFDO
HQJLQHHUIRUELRWXUEDWLRQHQKDQFHPHQW7KHULSDULDQSODQWVSHFLHV7\SKDODWLIROLDZDVVHOHFWHGIRULWVHIILFLHQF\LQ
SK\WRDFFXPXODWLQJSROOXWDQWVIURP VHGLPHQW
3K\WRUHPHGLDWLRQHIILFLHQF\ZDVHVWLPDWHGE\XVLQJFDGPLXPDVDFRQVHUYDWLYHSROOXWDQWNQRZQWR
ELRDFFXPXODWHLQSODQWVDQGLQLWLDOO\LQWURGXFHGLQWKHRYHUO\LQJZDWHUȝJ&G/RI FDGPLXPQL W UD WH ±
&G12ā +2%LRORJLFDOVHGLPHQWUHZRUNLQJE\LQYHUWHEUDWHV
DFWLYLW\ZDVTXDQWLILHGXVLQJOXPLQRSKRUHV
 LQHU W SDU W LFX OD WHV  
2XUUHVXOWVVKRZHGWKDWELRWXUEDWLRQFDXVHGE\WXELILFLGZRUPV
DFWLYLW\IROORZHGWKHELRFRQYH\LQJ
WUDQVSRUWPRGHOZLWKDGRZQZDUGYHUWLFDOYHORFLW\9RIOXPLQRSKRUHVUDQJLQJIURPWR
FPā\HDUí7KHELRWUDQVSRUWFKDQJHGWKHJUDQXORPHWULFSURSHUWLHVRIWKHVXUIDFHVHGLPHQWVDQG
WKLVQDWXUDOSURFHVVZDVVWLOOHIILFLHQWXQGHUFDGPLXPFRQWDPLQDWLRQ7KHKLJKHVWYDOXHRI&GHQULFKPHQW
FRHIILFLHQWIRUSODQWURRWVZDVREVHUYHGLQVXEVXUIDFHVHGLPHQWOD\HUEHORZFPWRFPGHSWKZLWKWXELILFLGV
DGGLWLRQ
:HGHPRQVWUDWHGWKDWELRWUDQVSRUWFKDQJHGWKHGLVWULEXWLRQRIFDGPLXPDFURVVWKHVHGLPHQWFROXPQDV
ZHOODVL W HQKDQFHG WKHSXPSLQJRI WKLV PHWDO IURP WKHVXUIDFHWR WKHDQR[LF VHGLPHQW  OD\HUV  WKHUHE\
LQFUHDVLQJWKHELRDFFXPXODW LRQRI FDGPLXPLQ WKH URRW V\VWHPRI7\SKD OD W L IRO LD  7KLV  WKHUHIRUH 
KLJKO LJKWV  WKHSRWHQW LD O RI ELR WXUEDW LRQDV D  WRRO  WR EHFRQVLGHUHG LQ  IXWXUH DV  LQWHJUDWHG
ELRUHPHGLDW LRQV W UD WHJLHV RI PHWDO O LF SRO OXWHGVHGLPHQW  LQ DTXDW LF HFRV\VWHPV
.H\ZRUGV
%LRWXUEDWLRQ
&DGPLXP
6HGLPHQW
3K\WRUHPHGLDWLRQ
(FRORJLFDO HQJLQHHULQJ
5LSDULDQ SODQ WV
ƒ &RUUHVSRQGHQFH WR 7 . +RDQJ ,QVWLWXWH RI (QYLURQPHQWDO 7HFKQRORJ\ 9LHWQDP $FDGHP\ RI 6FLHQFH DQG 7HFKQRORJ\ +DQRL 9LHW 1DP
ƒƒ &RUUHVSRQGHQFH WR 0 *HULQR /DERUDWRLUH eFRORJLH )RQFWLRQQHOOH HW (QYLURQQHPHQW (FR/DE 8QLYHUVLW\ RI 7RXORXVH 805 &156 ,137 836 7RXORXVH )UDQFH
(PDLO DGGUHVVHV NLHQKW#LHWYQYQ 7. +RDQJ PDJDOLJHULQR#XQLYWOVHIU 0 *HULQR
2
 ,QWURGXFWLRQ
7KH DFFXPXODWLRQ RI FRQWDPLQDQWV DW WKH ZDWHUVHGLPHQW LQWHUIDFH
LQ SDUW LFXODU IRU SRWHQWLDOO\ KDUP IXO HOHPHQWV 3+(V  LV UDLVLQJ
FRQFHUQV *XR HW DO  +RURZLW] HW DO  6FKlIHU HW DO  
0HWDOV DQG PHWDOORLGV VXFK DV DUVHQLF PHUFXU\ OHDG RU FDGP LXP DUH
WKH PRVW FRPPRQ WR[LF FKHP LFDOV LQYROYHG LQ VRLO DQG ZDWHU FRQWDPL
QDW LRQ DQG UHVXOW LQ VHULRXV KHDOWK SUREOHP WR KXPDQV 6LPPRQV
HW DO  7HH\DNDVHP HW DO   7KHVH PHWDOV DUH QRW GHJUDGDEOH
DQG DFFXPXODWH LQ DTXDWLF VHGLPHQW RU VRLOV DV YHU\ KLJKO\ SHUVLVWHQ W
FRPSRXQGV .HUPDQL HW DO   $PRQJ WKRVH FDGP LXP LV D Z LGH
VSUHDG WUDFH HOHPHQW WKDW LV H[WUHPHO\ WR[LF WR OLYLQJ RUJDQLVPV VXFK
DV DTXDWLF DQLPDOV %XU HW DO  1DLU HW DO  DQG PRVW RI WKH
SODQW VSHFLHV %DUFHOy DQG 3RVFKHQULHGHU  /LX HW DO  
+XPDQ SRSXODWLRQV DUH H[SRVHG WR &G YLD GULQNLQJ ZDWHU DQG FRQWDP L
QDWHG IRRG %\UQH HW DO  ()6$   UHVXOWLQJ LQ DGYHUVH KHDOWK
HIIHFWV VXFK DV QHXURORJLF PHWDEROLF FDUFLQRJHQLF DQG LPPXQRORJLFDO
GLVRUGHUV %UHWRQ HW DO  *R HW DO   $ (XURSHDQ FLW L]HQ
DEVRUEV FDGP LXP RUDOO\ EHWZHHQ  DQG  ȝJā NJí ā GD\í 
()6$ 
7KH QDWXUDO DEXQGDQFH RI &G LQ WKH WHUUHVWULDO FUXVW LV  PJNJ
.DEDWD3HQGLDV   ,QGHHG &G LV IUHTXHQ WO\ IRXQG LQ ULYHU EHG
VHGLPHQW ZKLFK DFWV DV D ILQDO VLQN RI QDWXUDO DQG DQWKRSRJHQLF VRXUFHV
1
JXHVVDQ HW DO   7KH WHQGHQF\ RI XVLQJ &G LV RQ WKH ULVH LQ
HOHFWURSODWLQJ FRDWLQJ S ODVWLF DQG EDWWHU\ PDQXIDFWXULQJ LQGXVWU\
&DGP LXP FRQWDP LQDW LRQ ZDV DOVR HYLGHQFHG LQ VRPH UHVHUYRLUV WKDW
SURYLGH D PDMRU IUHVK ZDWHU VRXUFH IRU GRPHVWLF XVH HJ LQ 0LOOXQ L
*UDQGH ODNH WKH PDLQ UHVHUYRLU RI ZDWHU VXSSO\ IRU /D 3D] ZKHUH &G
FRQWHQW UHDFKHV 1 WLPHV WKH :02 JXLGHOLQH YDOXH 6DOYDUUHG\
$UDQJXUHQ HW DO   ,Q )UDQFH VXFK FRQWDPLQDWLRQ RFFXUV DV D FRQ
VHTXHQFH RI OHDFKLQJ IURP PLQLQJ H[SORUDWLRQ GDLO\ IOX[HV RI WRWDO &G
UDQJH IURP  WR  NJGD\ LQ WKH /RW 5LYHU D WULEXWDU\ RI WKH *D
URQQH 5LYHU DQG IURP  WR  NJGD\ LQ WKH GRZQVWUHDP *DURQQH
5LYHU LWVHOI $XGU\ HW DO  
)DFHG WR VXFK PHWDO DFFXPXODWLRQV DQG WR[LFLW\ ULVNV VHYHUDO
PHWKRGV DUH DOUHDG\ EHLQJ XVHG WR FOHDQ XS WKH HQYLURQPHQ W IURP
VXFK HQYLURQPHQWDO FRQWDPLQDQWV %XW PRVW RI WKHP DUH FRVWO\ DQG IDU
DZD\ IURP WKHLU RSWLPDO SHUIRUPDQFH ,Q SDUDOOHO WKH QDWXUHEDVHG VR
OXWLRQV (JJHUPRQW HW DO  LQVSLUHG VWUDWHJLHV IRU SROOXWLRQ ELRUH
PHGLDWLRQ DQG ZDWHU UHVRXUFH VXVWDLQDELOLW\ 7KH HFRORJLFDO SURFHVVHV
RI SK\WRUHPHGLDWLRQ DQG ELRWXUEDWLRQ ZHUH VWXGLHG LQGHSHQGHQWO\
XSWRQRZ 7KH\ DUH ERWK NQRZQ WR EH HIILFLHQW ZLWKLQ HFRORJLFDO HQJL
QHHULQJ WR SURPRWH SROOXWDQW IOX[HV LQ DTXDWLF VHGLPHQW $OWKRXJK WKH
LQIOXHQFH RI ELRWXUEDWLQJ PHFKDQLVPV RQ PHWDO ELRDYDLODELOLW\ LQ
WKH ZDWHUVHGLPHQW FRQGLW LRQV LV QRZ UHODWLYHO\ ZHOO XQGHUVWRRG 
SK\WRUHPHGLDWLRQ DSSOLFDWLRQV FRXSOHG ZLWK ELRWXUEDWLRQ KDYH QRW \HW
EHHQ LQYHVWLJDWHG IRU SROOXWDQW UHPRYDO VWUDWHJLHV
7KH DSSOLFDWLRQ RI NQRZOHGJH RI QDWXUHEDVHG VROXWLRQV P LJKW LQ
VSLUH IXWXUH RSWLRQV IRU SROOXWLRQ DWWHQXDWLRQ (JJHUPRQW HW DO  
8S WR QRZ IHZ VROXWLRQV DUH UHFRJQL]HG ZLWKLQ WKH LQWHUQDWLRQDO VFLHQ
WLILF FRPPXQLW\ $PRQJ WKHP SK\WRUHPHGLDWLRQ LV K LJKOLJKWHG DV DQ
HIILFLHQW DQG VXVWDLQDEOH ZD\ WR VWDELOL]H DQGRU UHPRYH FRPPRQO\ HQ
FRXQWHUHG SROOXWDQ WV RFFXUULQJ LQ WKH HQYLURQPHQW (3$  
3K\WRUHPHGLDWLRQ LV D PHWKRG XVLQJ SODQWV WR UHPRYH FRQWDP LQDQWV
VXFK DV PHWDOV IURP VRLOV DQG VHGLPHQW Z LWKRXW GHVWUR\LQJ VRLO VWUXF
WXUH *KRVK DQG 6LQJK   =KDQJ HW DO   3K\WRUHPHGLDWLRQ
ZDV GHPRQVWUDWHG WR EH HIILFLHQW LQ UHPRYLQJ PHWDOV VXFK DV OHDG FDG
P LXP  FRSSHU DUVHQLF XUDQLXP IURP FRQWDPLQDWHG ZDWHUV )DYDV HW DO
 /\XEHQRYD DQG 6FKU|GHU   VHG LPHQ W .OLQN HW DO
 3DQGH\ HW DO  6DVPD] HW DO  :HLV DQG :HLV 
RU VRLOV /HYHTXH HW DO  E\ DFFXPXODWLRQ LQ SODQW RUJDQV ,W
LV D FRVWHIIHFWLYH HIILFLHQ W IULHQGO\HQYLURQPHQWDOO\ DQG LQVLWX
DSSOLFDEOH UHPHGLDWLRQ VWUDWHJ\ IRU HQYLURQPHQWDO UHVWRUDWLRQ
%DUFHOy DQG 3RVFKHQULHGHU  /H'XF DQG 7HUU\  6LQKD HW DO
  7KH P LW LJDWLRQ RI PHWDO FRQWDP LQDWLRQ E\ SODQ WV WK URXJK
SK\WRUHPHGLDWLRQ SURFHVV LQYROYHV WKH PHFKDQLVPV RI SK\WRH[WUDFWLRQ
SK\WRVWDELOLVDWLRQ UKL]RILOWUDW LRQ DQG SK\WRYRODWLOL]DWLRQ 3UDVDG DQG
)UHLWDV + 0 GH 2  9DQJURQVYHOG HW DO   8S WR QRZ  1
H[LVWLQJ VSHFLHV RI ³PHWDO K\SHUDFFXPXODWRU´ SODQWV KDYH EHHQ GLVFRY
HUHG LQ WKH ZRUOG *KRVK DQG 6LQJK  3UDVDG DQG )UHLWDV + 0
GH 2   7KHLU HIILFLHQF\ GHSHQGV RQ PDQ\ IDFWRUV LQ ZKLFK DYDLO
DELOLW\ DQG PRELOLW\ RI 3+(V DUH YHU\ LPSRUWDQW IDFWRUV FRQWULEXWLQJ WR
WKH VXFFHVV RI WKH SK\WRUHPHGLDW LRQ WHFKQRORJ\ $QWRQLDGLV HW DO
 )HOL[   %URDGOHDI FDWWDLO RU 7\SKD OD WLIROLD LV RQH RI WKH
PRUH FRPPRQ ZHWODQG SODQW VSHFLHV IRU SK\WRUHPHGLDWLRQ DSSOLFDWLRQ
Z LWK D ODUJH GLVWULEXWLRQ XQGHU YDULRXV K\GURORJLFDO FRQGLWLRQV ERWK
IORRGHG DQG QRQIORRGHG $XOLR  DQG XQGHU YDULRXV FOLPDWHV LQ
WHPSHUDWH WURSLFDO KXPLG FRDVWDO DQG GU\ FRQWLQHQWDO RQHV 3DQGH\
HW DO   7\SKD ODWLIROLD UHYHDOV D UDSLG JURZWK DQG UHVLVWDQW FKDUDF
WHULVWLFV LQ SROOXWHG VLWHV ZLWK D KLJK FDSDFLW\ IRU PHWDO XSWDNH LQWR LWV
RUJDQV SDUWLFXODU LQ WKH URRW V\VWHP 7KH URRW V\VWHP FDQ EH XVHG DV D
ELRLQGLFDWRU RU ELRDFFXPXODWRU IRU ZDWHUV DQG VHGLPHQW SROOXWHG E\
PHWDOV VXFK DV =Q  1L &X 3E &R 0Q DQG &G .OLQN HW DO 
6DVPD] HW DO   +RZHYHU DOWKRXJK QRQHVVHQWLDO IRU WKH JURZWK
RI SODQWV :LOOLDPV HW DO   &G LV ZHOO XSWDNHQ E\ URRWV DQG
WUDQVORFDWHG LQ WR OHDYHV RI PDQ\ SODQ W K\SHUDFFXPXODWRUV Z LWKRXW
GLVSOD\LQJ KDUP IXO HIIHFWV WR JURZ WK DQG GHYHORSPHQ W 0DQRXVDNL
HW DO  
%LRWXUEDWLRQ LV GULYHQ E\ WKH DFWLYLWLHV RI LQYHUWHEUDWHV LQ WKH
VHGLPHQW ,W LV D QDWXUDO SURFHVV GHILQHG DV ³DOO WUDQVSRUW SURFHVVHV
FDUULHG RXW E\ DQLPDOV WKDW GLUHFWO\ RU LQGLUHFWO\ DIIHFW VHGLPHQW PDWUL
FHV´ .ULVWHQVHQ HW DO   7KHVH SURFHVVHV LQFOXGH SDUW LFOH
UHZRUNLQJ DQG EXUURZ YHQW LODWLRQ VR WKDW ELRWXUEDWLRQ LV WKH VRXUFH
RI VLJQLILFDQW FKDQJHV LQ ELRORJLFDO DQG SK\VLFRFKHPLFDO SURSHUWLHV RI
VRLOV DQG VHGLPHQW %DUDQRY HW DO  .ULVWHQVHQ HW DO 
3HWHUVRQ HW DO   DV ZHOO DV VHYHUDO W\SHV RI ELRWUDQVSRUWV *HULQR
HW DO   &RQVHTXHQWO\ ELRWXUEDWLRQ JHQHUDWHV PDWHULDO IOX[HV YLD
ELRWUDQVSRUWDW LRQ RI VHGLPHQW DQG DVVRFLDWHG FRQ WDP LQDQ WV WK URXJK
WKH ZDWHU VHGLPHQW LQ WHUIDFH DQG LQVLGH WKH LQKDELWHG OD\HU WKDW DUH HV
WLPDWHG WR GRXEOH WKH LQFRUSRUDWLRQ RI WKHVH FRQWDPLQDQWV LQWR WKH VHG
LPHQW $QVFKXW] HW DO  &LXWDW HW DO  &LX WDW HW DO 
'HOPRWWH HW DO  *HULQR HW DO  +|ONHU HW DO 
.ULVWHQVHQ HW DO  7HDO HW DO   2QH VSHFLILF W\SH RI ELRWXUED
WLRQ FDOOHG ELRDGYHFWLRQ LV SURGXFHG E\ FRQYH\RUVEHOW VSHFLHV OLNH WXEL
ILFLGV WKDW IHHG DW VHGLPHQW GHSWK DQG GHIHFDWH DW WKH VHGLPHQW VXUIDFH
7KLV ELRDGYHFWLRQ LV D GRZQZDUG DGYHFWLRQ RI WKH ZDWHU VHGLPHQW LQWHU
IDFH ZKHQ WKH WXELILFLGV SRSXODWLRQ DV KHDGGRZQ GHSRVLW IHHGHUV IHHG
DW GHSWK LQ WKH VHGLPHQW DQG HJHVW IDHFDO SHOOHWV DW WKH VHGLPHQW VXUIDFH
7KLV ELRWUDQSRUW PRGLILHV WKH GLVWULEXWLRQ RI ILQH SDUWLFOHV LQ WR WKH VHG
LPHQW FROXPQ WKDW LQFUHDVHV LQ WKH VXUIDFH OD\HU ZKHUH IHDFDO SHOOHWV
DFFXPXODWH &LXWDW HW DO   7KH GLPHQVLRQ RI WKH ZRUPV
 SURVWRP L
XP OLP LWV WKH VHGLPHQW SDUWLFOH VL]H WKDW FDQ EH LQJHVWHG DQG WKLV Z LOO
WKHUHDIWHU EH WUDQVSRUWHG WR WKH VXUIDFH E\ WKH WXUELILFLG JXWV
$QVFKXW] HW DO  &LXWDW HW DO   %HVLGHV WKHLU VXUYLYDO LQ
PHWDO FRQWDP LQDWHG VRLOV VRPH LQYHUWHEUDWH DQLPDOV  HDUWKZRUPV
FDQ DFFXPXODWH PHWDOV VXFK DV &G &X =Q  DQG 3E LQ WKHLU W LVVXHV
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0RUJDQ HW DO  7KH JHRFKHP LFDO FKDQJHV LQ ELRWXUEDWHG VHGL
PHQW DUH DEOH WR DIIHFW WKH EHKDYLRXU RI PHWDOV *LOEHUW HW DO  
)RU LQVWDQFH WKH FKDQJHV LQ UHGR[ SRWHQ WLDO S+ 20 DQG SRURVLW\
XQGHU ELRWXUEDWLRQ HIIHFWV FDQ LQIOXHQFH WKH VRUEWLRQ FDSDFLW\ RI WKH SRO
OXWDQW RQ WKH VHGLPHQW SDUWLFOHV DQG WKXV FKDQJH WKH VROLGOLTXLG SDUWL
W LRQ HTXLOLEULXP RI PHWDOV HJ =Q DQG &G &KHQJ DQG :RQJ 
5LQNOHEH HW DO  6KDKHHQ HW DO  <X HW DO   9LD LWV LQIOX
HQFH RQ SKLVLFRFKHP LFDO SURSHUWLHV RI VHGLPHQW ELRWXUEDWLRQ VKLIWV WKH
PHWDO ELQGLQJ DIILQLWLHV EHWZHHQ WKH VROLG DQG GLVVROYHG SKDVHV DQG FDQ
DOVR VLJQLILFDQWO\ PRGLI\ WKH VSHFLDWLRQ DQG ELRDYDLODELOLW\ RI PRVW
PHWDOV LQ VHGLPHQW 5HPDLOL HW DO   7KHUHIRUH FRPELQLQJ WKH
ELRDGYHFWLRQ HIIHFW Z LWK WKH &G VRXUFH LQ WKH RYHUO\LQJ ZDWHU UHVXOWV
LQ GRXEOLQJ WKH SROOXWDQW ORDGLQJ LQ VHGLPHQW GXH WR WKH ELRWXUEDWLRQ HI
IHFW &LXWDW HW DO D   7KLV VKRXOG DORZV PHWDO WUDQVIHU
DQG DYDLODELOLW\ LQWR WKH VHGLPHQW VXUURXQGHG E\ WKH SODQW
V URRW V\VWHP
<X HW DO   DQG WKHUHIRUH ELRWXUEDWLRQ E\ WXELILFLGV LQ WKH SUHV
HQFH RI FDGP LXP  P LJKW VLPXOWDQHRXVO\ IDYRU PHWDO XSWDNH E\ SODQWV
7KH H[SHULPHQW GHVFULEHG LQ WKLV SDSHU ZDV SHUIRPHG LQ RUGHU WR WHVW
ZKHWKHU ELRWXUEDWLRQ FRXOG EH D VRXUFH RI LPSURYHPHQW RI WKH HIILFLHQ
F\ RI SK\WRH[WUDFWLRQ 
2XU UHVHDUFK DLPHG WR JLYH HYLGHQFH RI WKH SRWHQWLDO RI FRPELQHG
ELRWXUEDWLRQ DQG SK\WRUHPHGLDWLRQ IRU WKH UHPHGLDWLRQ RI FDGP LXP
FRQWDPLQDWHG VHGLPHQW E\ P LP LFNLQJ ILHOG SDWWHUQV RI DTXDWLF V\VWHPV
FRQWDP LQDWLRQ IURP WKH ZDWHU GXULQJ D IORRG HYHQW 2XU H[SHULPHQWDO
VWXG\ LQYROYHV WKHVH WZR PHWKRGV WR HQKDQFH FDGP LXP WUDQVIHU IURP
ZDWHU LQ WR VHGLPHQW DQG IURP VHGLPHQW LQ WR SODQW RUJDQV 8VLQJ D
FRQWUROOHGHQYLURQPHQW H[SHULPHQW WKH REMHFWLYHV ZHUH  L WR HYDOX
DWH WKH SXWDWLYH LQFUHDVH RI SK\WRUHPHGLDWLRQ SRWHQWLDO XQGHU VHGLPHQW
ELRWXUEDWLRQ ZLWK WXELILFLG 
V FRQYH\RUV  LL WR HVWLPDWH WKH PHWDO ELRDF
FXPXODW LRQ G\QDPLF E\ D ULSDULDQ SODQW FRXSOHG WR WXELILFLG ZRUPV

DFWLYLW\
 0DWHU LDOV DQG PHWKRGV
 6DPSOLQJ DQG SURFHVVLQJ RI VHGLPHQW DQG SODQWV
6HGLPHQW VDPSOHV DQG 7\SKD ODWLIROLD VSHFLHV ZHUH FROOHFWHG IURP
WKH $XVVRQQHOOH 5LYHU FDWFKPHQW D ILUVW UDQN WULEXWDU\ RI WKH *DURQQH
5LYHU 6pOHU\ DUHD &RORPLHUV )UDQFH LQ -DQXDU\   GD\V EHIRUH
VWDUWLQJ WKH H[SHULPHQW 7KH VHGLPHQW ZDV ILUVWO\ GHIDXQDWHG E\ LQFX
EDWLQJ IRU  GD\V DW  & LQWR FORVHG WDQNV LQ RUGHU WR JHQHUDWH DQDHU
RELF FRQGLWLRQV LQ WKH VHGLPHQW DQG VHFRQGO\ E\ D PHFKDQLFDO P L[LQJ
SURFHVV RI WKH VHGLPHQW XVLQJ D PRWRUP L[HU WR ERWK PHFKDQLFDOO\ NLOO
WKH ODVW DOLYH PDFURIDXQD DQG KRPRJHQ L]H WKH VHGLPHQW 7KH
GHIDXQDWHG VHGLPHQW ZDV WKHQ LQ WURGXFHG LQ WR HDFK P LFURFRVP
D SDLO RI  /YROXPH VHH )LJ   (DFK PLFURFRVP URXJKO\ FRQVLVWHG
RI D VHGLPHQW OD\HU RI  FP GHSWK DSSUR[LPDWHO\  NJ RI VHGLPHQW
DQG RI D ZDWHU FROXPQ RI  FP KHLJK W RI GHFK ORULQDWHG WDS ZDWHU
DSSUR[LPDWHO\  /RI RYHUO\LQJ ZDWHU )LJ 
$IWHU FROOHFWLQJ 7 OD WLIROLD IURP WKH ILHOG LQGLYLGXDO SODQ WV ZHUH
VWRUHG LQ D WKHUPRVWDWLF H[SHULPHQWDO URRP IRU DFFOLPDWDWLRQ GXULQJ
 GD\V XQWLO WKH VWDUW RI WKH H[SHULPHQW +HDOWK\ SODQWV VKRZLQJ QR
VLJQV RI URWW LQJ DQG KDYLQJ DSSUR[LPDWHO\ WKH VDPH KHLJKW ZHUH VHOHFW
HG IRU H[SHULPHQWV 2QH LQGLYLGXDO ZDV WDNHQ DQG SUHSDUHG IRU DQDO\VHV
LQ RUGHU WR KDYH WKH UHIHUHQFH LQIRUPDWLRQ RI PHWDO FRQWHQW -XVW EHIRUH
VWDUWLQJ WKH H[SHULPHQW WKH URRWV DQG UKL]RPHV RI WKH RWKHU 7 ODWLIROLD
SODQWV ZHUH FDUHIXOO\ FOHDQHG XS ZLWK WDS ZDWHU WR FRPSOHWHO\ UHPRYH
ILHOG QRQPDQLSXODWHG VHGLPHQW DQG WKHQ FDUHIXOO\ FXW WR DFKLHYH DV
IDU DV SRVVLEOH D KRPRJHQHRXV ELRPDVV DPRQJ WKH SODQWV )URP WKHVH
SODQWV WKUHH ZHUH VHOHFWHG UDQGRP O\ DW W   IRU DQ LQLWLDO PHWDO DQDO
\VLV 7KH UHPDLQLQJ ZHUH SODQWHG LQ WR P LFURFRVPV RQH E\ EXFNHW DQG
FROOHFWHG RQ WKH ODVW GD\ RI WKH H[SHULPHQW  W   
 ([SHULPHQWDO GHVLJQ DQG PLFURFRVP VHWXS
$IXOOIDFWRULDO GHVLJQ ZDV XVHG FURVVLQJ  WHVWHG IDFWRUV &G FRQFHQ
WUDWLRQ &GHQULFKHG RU QRW  SODQW LQIOXHQFH SUHVHQFHDEVHQFH RI
7 ODWLIROLD  DQG PDFURIDXQD LQIOXHQFH SUHVHQFHDEVHQFH RI WXELILFLG
ZRUPV  VHH 7DEOH   $OO SRVVLEOH FRPELQDWLRQV RI WKH GLIIHUHQW OHYHOV
RI HDFK IDFWRU ZHUH WKXV WHVWHG DQG GLVWULEXWHG LQ WR WKH GLIIHUHQ W
P LFURFRVPV )LJ   7KUHH UHSOLFDWHV SHU FRPELQDWLRQ ZHUH SHUIRUPHG
7KH H[SHULPHQWDO XQLWV ZHUH GLVWULEXWHG LQ IRXU EORFNV HDFK LQFOXGLQJ
RQH UHSOLFDWH RI HDFK FRPELQDWLRQ RI WKH  WHVWHG IDFWRUV 7KH
SRVLW LRQ RI WKH P LFURFRVPV Z LWK LQ HDFK EORFN ZDV UDQGRP O\ GHWHU
P LQHG 7DS ZDWHU ZDV VXSSOHPHQWHG LQ HDFK P LFURFRVP HYHU\ IHZ
GD\V DSSUR[LPDWHO\ RI WKH WRWDO ZDWHU YROXPH SHU GD\ WR FRPSHQ
VDWH IRU HYDSRUDWLRQ DQG WR NHHS WKH ZDWHU OHYHO FRQVWDQW 0LFURFRVPV
ZHUH VHWXS LQ D WKHUPRVWDWLF H[SHULPHQWDO URRP ZLWK KRPRJHQHRXV
SK\VLFRFKHP LFDO FRQGLWLRQV 7& OLJK W VHGLPHQW ZDWHU  OLJK W
SURYLGHG E\  HOHFWULF EXOEV  : HDFK   K RI OLJK W HDFK
GD\ URRP WHPSHUDWXUH DW  & SKRWRQ IOXHQFH UDWH  WKH XQLW
FRQFHUQ LQJ WKH OLJK W LQ WKH SODQW SURGXFWLRQ LQ WKH H[SHULPHQ WDO
URRP ZDV    ȝPROāP í ā Ví  DW WKH VXUIDFH RI WKH RYHUO\LQJ
ZDWHU DQG    ȝPROāPí ā Ví  DW WKH WRS RI 7 ODWLIROLD SODQWV
7KH WXELILFLG ZRUPV XVHG ZHUH SURYLGHG E\ WKH *5(%,/&RPSDQ\
$UU\ )UDQFH  ,Q HDFK P LFURFRVP ZLWK WXELILFLGV DSSUR[LPDWHO\ 
ZRUPV ZHUH LQ WURGXFHG DW WKH VXUIDFH RI WKH VHGLPHQW FRUUHVSRQGLQJ
WR DSSUR[LPDWHO\  ZRUPVā GP í  Z LWK D IUHVK ELRPDVV RI  
 J SHU P LFURFRVP  7ZR ZHHNV DIWHU ZRUPV LQWURGXFWLRQ FDGP LXP
SURYLGHG DV FDGPLXP QLWUDWH &G12ā +2 ZLWK DQ LQLWLDO FRQWDP
LQDWLRQ OHYHO RI  ȝJ &G/ZDV JHQWO\ DGGHG WR WKH RYHUO\LQJ ZDWHU 7KLV
FRQFHQWUDWLRQ ZDV VHOHFWHG IURP WKH SUHYLRXV H[SHULPHQ W Z LWK
)LJ 0LFURFRVP H[SHULPHQWDO GHVLJQ VHH 7DEOH  IRU DFURQ\P GHILQLWLRQV FRUUHVSRQGLQJ WR WKH GLIIHUHQW WUHDWPHQWV
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FDGP LXP DQG WXELILFLG ZRUPV &LXWDW HW DO E FRQVLGHULQJ WKDW
WKLV FRQFHQWUDWLRQ LV IUHTXHQW LQ FRQWDPLQDWHG ZDWHUV E\ PLQLQJ ZDVWHV
6DOYDUUHG\$UDQJXUHQ HW DO  RU LQGXVWULDO VLWHV $QGUHV HW DO
  ,Q RUGHU WR DYRLG DQ\ ELDV UHVXOW LQJ IURP QLWUDWH DGGLWLRQ LQ
WKH PHWDOWUHDWHG SDLOV D QHXWUDO VDOW LQ IRUP RI FDOFLXP QLWUDWH
&D12ā +2 Z LWK WKH VDPH QLWUDWH FRQFHQ WUDWLRQ  ȝJ &D/ 
ZDV DGGHG LQ P LFURFRVPV QRW FRQWDPLQDWHG E\ FDGPLXP 
7KH H[SHULPHQW ODVWHG  GD\V DIWHU WKH LQ WURGXFWLRQ RI WKH
FRQWDPLQDQW LQ WKH RYHUO\LQJ ZDWHU RQ WKH ILUVW GD\  W   7KLV LV WKH
WLPH ZKLFK ZDV FRQVLGHUHG QHHGHG WR DOORZ  L SODQW JURZWK  LL ELR
WXUEDWLRQ DQG  LLL PHWDO WUDQVIHU Z LWKLQ HDFK FRPSDUWPHQW DV ZHOO DV
WKHLU ELRDFFXPXODWLRQ LQ WKH SODQW V\VWHP  Z LWKRXW KDYLQJ H[WUD
HQYLURQPHQWDO GLVWXUEDQFHV:DWHU SODQWV DQG VHGLPHQW ZHUH VDPSOHG
RQ WKH ODVW GD\  W  
 %LRWXUEDWLRQ DFWLYLW\ PHDVXUHPHQWV
7KH ELRWXUEDWLRQ DFWLYLW\ RI WXELILFLGV ZDV TXDQWLILHG XVLQJ WKH IOXR
UHVFHQ W LQHUW WUDFHUV WHFKQLTXH *HULQR HW DO  /DJDX]qUH HW DO
  /XP LQRSKRUHV DUH QDWXUDO VDQG SDUWLFOHV FRDWHG Z LWK SLQN IOXR
UHVFHQW SDLQW Z LWK VL]H UDQJLQJ IURP  WR  ȝP 3DUWUDF /WG 8.
7ZHQW\IRXU KRXUV DIWHU ZRUPV LQWURGXFWLRQ  WKH WLPH QHHGHG IRU WKH
ZRUPV WR UHVWDXUH IURP KDQGOLQJ  OXP LQRSKRUHV ZHUH KRPRJHQHRXVO\
GHSRVLWHG DW WKH VHGLPHQW VXUIDFH LQ WKH IRUP RI D PPWKLFN IUR]HQ
PXG FDNH D P L[WXUH RI  J RI WKH VDPH VHGLPHQW Z LWK  J RI WKH
WUDFHUV  $W WKH HQG RI WKH H[SHULPHQ W  W   GD\V  WKH VHGLPHQW
ZDV FXW LQWR WZHOYH OD\HUV FP WKLFN OD\HUV IURP WKH VXUIDFH GRZQ
WR  FP GHSWK WKHQ FP WKLFN OD\HUV GRZQ WR  FP GHSWK LQ RUGHU WR
DVVHVV WKH YHUWLFDO GLVWULEXWLRQ RI OXPLQRSKRUHV LQ WKH VHGLPHQW FROXPQ
(DFK OD\HU RI IUHVK VHGLPHQW ZDV KRPRJHQL]HG EHIRUH VXEVDPSOLQJ
'HWHFWLRQ RI OXPLQRSKRUHV ZDV SHUIRUPHG Z LWK D 6\QHUJ\ 0LFURSODWH
UHDGHU %LRWHN 86$ DFFRUGLQJ WR D SURWRFRO DGDSWHG IURP /DJDX]qUH
HW DO  )OXRUHVFHQFH UHDGLQJ ZDV XVHG Z LWK  QP DV H[FLWDWLRQ
DQG  QP DV HPLVVLRQ ZDYHOHQJWK  $IWHU HVWLPDWLRQ RI WKH
OXP LQRSKRUH FRQFHQWUDWLRQV DORQJ GHSWK LQ WKH VHGLPHQW FROXPQ WKH
ELRDGYHFWLRQ±ELRGLIIXVLRQ PRGHO *HULQR HW DO  2IILFHU DQG
/\QFK  ZHUH DSSOLHG WR ILW WKH PHDVXUHG WUDFHU SURILOHV
į&
įW ó'E
į&
į] í 9
į&
į] èë
ZLWK W DV WKH WLPH ] DV WKH GHSWK DQG & DV WKH WUDFHU FRQFHQWUDWLRQ
7K LV PRGHO DOORZV WR HVWLPDWH WKH WKHRUHWLFDO FRQFHQ WUDWLRQ RI
WUDFHUV XQGHU WKH HIIHFWV RI WKH WZR ELRWUDQVSRUWV SDUDPHWHUV 9
FPā \í  DV WKH ELRDGYHFWLYH YHORFLW\ RU ELRVHGLPHQWDWLRQ UDWH WKDW
UHSUHVHQWV WKH GRZQZDUG WUDQVIHUW RI WKH WUDFHUV DQG 'E FPā \í  DV
WKH ELRGLIIXVLRQ FRHIILFLHQW WKDW UHIOHFWV WKH GLVSHUVLRQ UDWH RI WKH WUDFHUV
LQ RPQLGLUHFWLRQDO GLUHFWLRQV 7KLV PRGHO ZDV ILUVW GHYHORSSHG E\
2IILFHU DQG /\QFK  DQG WKHQ XVHG IRU GHVFULELQJ PDULQH *HULQR
HW DO  DQG IUHVKZDWHU ELRWXUEDW LRQ 'HOPRWWH HW DO  
(VWLPDWLRQ RI ELRDGYHFW LRQ DQG ELRGLIIXVLRQ UDWHV LQ WKH H[SHULPHQ W
ZDV SHUIRUPHG E\ ILW WLQJ WKH WKHRUHWLFDO FRQFHQWUDWLRQV REWDLQHG ZLWK
WKH ELRWXUEDWLRQ PRGHO WR WKH PHDVXUHG OXP LQRSKRUH FRQFHQWUDWLRQV
ZLWK D OHDVWVTXDUHV SURFHGXUH IRU HDFK P LFURFRVP
 &DGPLXP PHDVXUHPHQWV
 :DWHU VHGLPHQW DQG SODQW VDPSOLQJ DQG SUHWUHDWPHQW IRU &G
DQDO\VLV
7KH RYHUO\LQJ ZDWHU ZDV VDPSOHG DW WKH EHJLQQLQJ  W   DQG WKH
HQG  W   RI WKH H[SHULPHQW ,Q RUGHU WR GHWHUP LQH GLVVROYHG FDGP L
XP FRQFHQWUDWLRQ LQ ZDWHU  P/IURP HDFK VDPSOH ZDV ILOWHUHG ZLWK D
PHVK RI VWDQGDUG SRUH GLDPHWHU RI  ȝP 6ROXWLRQV ZHUH DFLGLILHG
XVLQJ D XOWUD SXUH +12 VROXWLRQ WR PDLQ WDLQ PHWDO LQ VROXWLRQ
DQG WKHQ NHSW LQ FRRO DQG GDUN FRQGLWLRQV  & EHIRUH WKH PHDVXUH
PHQWV $OO PDWHULDOV XVHG ILOWUDW LRQ GHYLFHV SLSHWWHV ER[ ILOWHUV HWF
ZHUH SODVWLF PDGH WR DYRLG DQ\ PHWDO FRQWDP LQDWLRQ RI VDPSOHV
7KH VHGLPHQW ZDV VDPSOHG WK UHH WLPHV GXULQJ WKH H[SHULPHQ W
DIWHU WKH GHIDXQDWLRQ SURFHVV LQLWLDO VDPSOHV  W  í   DW WKH EHJLQ
QLQJ  W   EHIRUH DGGLQJ FRQWDP LQDQW LQWR WKH RYHUO\LQJ ZDWHU DQG
RQ WKH ODVW GD\  W   )RU WKH VDPSOHV DW W   WKH VHGLPHQW FROXPQ
ZDV FDUHIXOO\ UHPRYHG IURP WKH P LFURFRVP DQG WKHQ FXW LQ WR WZR
OD\HUV / DQG / FRQQHFWHG WR WKH ELRWXUEDWLRQ SURFHVV E\ ZRUPV
/ ± FP FRUUHVSRQGV WR D VXUIDFH ]RQH FRPSRVHG HQWLUHO\ RI IHDFDO
SHOOHWV HMHFWHG DQG / ± FP FRUUHVSRQGV WR DQ LQJHVWHG DUHD RI SDU
WLFOHV &LXWDW HW DO  $OO VHGLPHQW VDPSOHV ZHUH NHSW LQ SODVWLF ERW
WOHV DQG VWRUHG IUR]HQ 
7KH VHGLPHQW IURP WKH ERWWOHV ZHUH WKHQ VSUHDG LQ WR SODVWLF 3HWUL
GLVKHV DQG GULHG LQ DQ RYHQ DW  & ZLWK VPRRWK PDQLSXODWLRQ ZLWK
RXW FUXVKLQJ P LQHUDOV VDQG JUDYHO HWF GXULQJ GU\LQJ WR DYRLG DJJUH
JDW LRQ  2QFH WKH VHGLPHQW ZDV GU\ DQG WKH PDLQ RUJDQLF GHEULV
UHPRYHG ZLWK FOHDQ SODVWLF WZHH]HUV WKH\ ZHUH VLHYHG WKURXJK D SODVWLF
PHVK VLHYH WR JHW WKH IUDFWLRQ E ȝP DFFRXQWLQJ IRU   RI WKH
WRWDO IUDFWLRQ  VXEVHTXHQWO\ XVHG IRU &G DQDO\VLV 7KLV IUDFWLRQ LV VXS
SRVHG WR EH WKH PRVW PHWDO HQULFKHG DQG DYDLODEOH IRU SODQWV )|UVWQHU
DQG 6RORPRQV  3UREVW HW DO  
7KH 7\SKD ODWLIROLD FROOHFWHG EHIRUH WKH H[SHULP HQ W ILHOG VDPSOH DW
W  í  DW WKH LQLWLDO  W   DQG DW WKH HQG RI WKH H[SHULPHQW  W  
ZHUH FXW LQWR WKH IROORZLQJ SDUWV WKH DERYH SDUW  VWHP DQG OHDYHV WKH
UK L]RPH DQG WKH URRWV 3ULRU WR DQDO\VLV SODQW PDWHULDOV ZHUH FDUHIXOO\
FOHDQHG ZLWK GLVWLOOHG ZDWHU DQG FXW WR D FRQVWDQ W ZHLJKW EHWZHHQ VDP
SOHV 7R HQVXUH WKH HIILFLHQF\ RI WKH GLVVROXWLRQ SURFHGXUH RI WKH GLIIHU
HQW SODQW FRPSDUWPHQWV EHIRUH DQDO\VLV WKH\ ZHUH FDUHIXOO\ FXW LQ WR
SLHFHV XVLQJ D FHUDPLF NQLIH DQG WKHQ JURXQG LQ OLTXLG QLWURJHQ XVLQJ D
SHVWOH DQG PRUWDU
 6ROLG VDPSOH GLVVROXWLRQ SURFHGXUH DQG &G DQDO\VLV
7KH VHGLPHQW IUDFWLRQ E  ȝP XVHG IRU ,&306 DQDO\VLV ZDV GLV
VROYHG E\ D ZHOOFDOLEUDWHG SURFHGXUH LQ WKH (FR/DE FOHDQURRP ,62 
1
JXHVVDQ HW DO   $SSUR[LPDWHO\  PJ RI KRPRJHQL]HG SODQW
RU VHGLPHQW PDWHULDO ZDV LQVHUWHG LQWR D 7HIORQ UHDFWRU 6DYLOOH[ ZLWK
D FOHDQ SODVWLF VSDWXOD DQG VXEVHTXHQWO\ GLJHVWHG ZLWK D P L[WXUH RI FRQ
FHQWUDWHG VXSUD SXUH +12 DQG +) DW  &RYHUQLJKW 7KH VROXWLRQ ZDV
WKHQ HYDSRUDWHG DQG K\GURJHQ SHUR[LGH VROXWLRQ +2 ZDV DGGHG WR
GHVWUR\ WKH RUJDQLF PDWWHU 7KH SURFHGXUH ZDV GHILQHG Z LWK GLIIHUHQW
VWHSV UHSHDWHG XQWLO WKH GLVVROXWLRQ LV FRPSOHWH )LQDOO\ DIWHU HYDSRUD
WLRQ   P/PLOL4 ZDWHU ZDV DGGHG
$OO VDPSOHV ZHUH WUDQVIHUUHG WR WXEHV DQG ZHUH GLOXWHG VR WKDW WKH
HOHPHQW FRQFHQWUDWLRQV ZHUH ORZHU WKDQ  JO LQ RUGHU WR DYRLG ,&3
06 VDWX UDWLRQ GXULQJ WKH DQDO\VLV 7KH VDPSOHV ZHUH WKHQ DFLGLILHG
ZLWK QLWULF DFLG +12  WR REWDLQ D +12 VROXWLRQ )LQDOO\ ,QGL
XP 5KHQLXP ,Q 5H FRQF  SSP ZDV DGGHG WR VDPSOHV LQ RUGHU
WR FRQWURO WKH PDFKLQH GHYLDWLRQ GXULQJ WKH DQDO\WLFDO SURFHVV
7KH DQDO\WLFDO GDWD TXDOLW\ ZDV FKHFNHG E\ LQFOXGLQJ VLPXOWDQHRXVO\
LQ WKH SURFHGXUH WKH EODQN VDPSOHV DQG WZR VWDQGDUGV 650
DSSOH OHDYHV IURP 1DWLRQDO ,QVWLWX WH RI 6WDQGDUGV DQG 7HFKQRORJ\
7DEOH 
0DLQ DFURQ\PV IRU GLIIHUHQ W H[SHULPHQWDO WUHDWPHQWV XVHG LQ WKH H[SHULPHQW
7UHDWP HQWV
QRWHG
7LPH
GD\
'HVFULSWLRQ
)LHOG W  í  6DPSOHV FROOHFWHG IURP WKH ILHOG
EHIRUH VWDUWLQJ H[SHULPHQW
,QLW LDO W   ,QLW LDO VDPSOHV DW WKH EHJLQQLQJ RI H[SHULPHQW
^&RQWURO` W   &RQWURO WUHDWPHQW QR SODQW QR PHWDO QR LQYHUWHEUDWHV
^7\S` W   1R PHWDO Z LWK SODQ W QR LQYHUWHEUDWHV
^7XE` W   1R PHWDO QR SODQW Z LWK LQYHUWHEUDWHV
^7\S7XE` W   1R PHWDO Z LWK SODQ W Z LWK LQYHUWHEUDWHV
^&G` W   :LWK PHWDO QR SODQW QR LQYHUWHEUDWHV
^&G7\S` W   :LWK PHWDO Z LWK SODQW  QR LQYHUWHEUDWHV
^&G7XE` W   :LWK PHWDO QR SODQW Z LWK LQYHUWHEUDWHV
^&G7\S7XE` W   :LWK PHWDO Z LWK SODQW Z LWK LQYHUWHEUDWHV
7\S 7 ODWLIROLD SODQW &G FDGPLXP 7XE WXELILFLG LQYHUWHEUDWHV
5
86$ DQG 676' 6WUHDP 6HGLPHQW 5HIHUHQFH PDWHULDOV IURP &DQDGD
&HUWLILHG 5HIHUHQFH 0DWHULDOV 3URMHFW ±&&503&DQDGD WR YHULI\ DFFXUD
F\ DQG UHSURGXFLELOLW\ RI WKH GLVVROXWLRQ SURFHVV IRU SODQW DQG VHGLPHQW
VDPSOHV
&G FRQFHQ WUDW LRQ ZDV DQDO\]HG LQ ZDWHU SODQ WV  URRW DQG DERYH
SDUWV DQG VHGLP HQW VDPSOHV E\ VSHFWURPHWU\ XVLQJ D 4,&306
3HUNLQ(OPHU (/$1  DW WKH 203*(7 *HRVFLHQFH (QYLURQPHQW
7RXORXVH 2EVHUYDWRLUH 0LGL3\UpQpHV 7RXORXVH )UDQFH  'HWHFWLRQ
OLPLWV IRU &G ZHUH EHWZHHQ í  WR í  ȝā /í  7KH FRQFHQWUDWLRQV RI
VRPH HOHPHQWV PHDVXUHG LQ WKH WZR VWDQGDUGV ZHUH XVHG IRU WKH DQDO\W
LFDO UHFRYHU\ 4$4& FDOFXODWLRQ E\ FRPSDULVRQ ZLWK WKHLU UHIHUHQFH
YDOXHV )RU PRVW HOHPHQWV WKH UHFRYHU\ RI WKH UHIHUHQFH PDWHULDO
650 UDQJHG EHWZHHQ DQG  LQ ZKLFK &G HOHPHQW ZDV
DW  %HFDXVH WKH VWDQGDUG 676' LV QRW FHUW LILHG IRU &G HOHPHQW
ZH XVHG WKH VHGLPHQW VDPSOHV FROOHFWHG LQ WKH $XVVRQQHOOH 5LYHU
 LQ LWLDO VDPSOH RI WKH VWXG\ IRU FRPSDULVRQ ZLWK WKH VHGLPHQW VDPSOHV
ZKLFK ZHUH FROOHFWHG LQ WKH VDPH VWDWLRQ $XVVRQQHOOH *DURQQH ULYHU
EDQN E\ 3URIILW DQG 3UREVW  DQG ZLWK WKH *DVFRJQH ULYHU VWXGLHG
E\ 1
JXHVVDQ HW DO  2XU UHVXOWV VKRZHG WKDW WKH LQLW LDO VHGLPHQW
&G FRQFHQWUDWLRQV LQ WKH SUHVHQW VWXG\ ZHUH LQ WKH VDPH UDQJH DV WKRVH
PHDVXUHG E\ WKHVH DXWKRUV 7KH PHDQ FRQFHQWUDWLRQV RI FDGP LXP LQ WKH
*DVFRJQH VWUHDP VHGLPHQW  IUDFWLRQ E ȝP DQG LQ WKH *DVFRJQH EHG
URFN 0RODVVH VDPSOHV ZHUH  DQG  ȝJā Jí  UHVSHFWLYHO\
1
JXHVVDQ HW DO   ZKLOH WKH &G FRQFHQWUDWLRQ LQ VHGLPHQW IURP
WKLV VWXG\ DYHUDJHG    ȝJā Jí 
 7H[WXUH S+ DQG SRUH ZDWHU FRQWHQW DQDO\VHV RI VHGLPHQW DW WKH HQG RI
WKH H[SHULPHQW
*UDLQVL]H RI WKH VHGLPHQW SDUWLFOHV ZDV PHDVXUHG ZLWK D /DVHU 6FDW
WHULQJ 3DUWLFOH 6L]H 'LVWULEXWLRQ $QDO\VHU ± /$±  9 +25,%$-DSDQ 
IRU VL]HV UDQJLQJ IURP  WR  ȝP 7KH :HQWZRUWK 
V FODVVLILFDWLRQ
:HQWZRUWK  ZDV XVHG WR GHILQH WKH YDULRXV JUDLQVL]H IUDFWLRQV
RI IRXU H[SHULPHQWDO WUHDWPHQWV ^&RQWURO ` ^7XE ` ^&G ` DQG ^&G7XE `
ILQH VLOWV DQG FOD\V E ȝP PHGLXP VLOWV ± ȝP FRDUVH VLOWV
± ȝP YHU\ ILQH VDQGV ± ȝP ILQH VDQGV ± ȝP
PHGLXP VDQGV ± ȝP DQG FRDUVH VDQGV 1 ȝP7KLV DQDO\VLV
DOVR SURYLGHG WKH PHDQ VL]H RI VHGLPHQW SDUWLFOHV ZKLFK LV DQ LQWHJUD
W LYH SDUDPHWHU DOORZLQJ WR FRPSDUH WKH JUDLQ VL]H RI D JLYHQ VHGLPHQW
OD\HU LQ GLIIHUHQW WUHDWPHQWV
7R VWXG\ WKH LQIOXHQFH RI GLIIHUHQ W WUHDWP HQ WV RQ WKH SK\VLFR
FKHPLFDO VHGLPHQW SURSHUWLHV S+ YDOXH DQG SRUH ZDWHU FRQWHQW ZHUH
PHDVXUHG LQ IUHVK VHGLP HQW VDPSOHV IURP  GLVWLQJXLVKDEOH OD\HUV
7KHVH OD\HUV ZHUH GHILQHG DFFRUGLQJ WR WXELILFLG ZRUPV
 DFWLYLW\  VHH
6HFWLRQ   7KH SRUH ZDWHU FRQWHQW DQG SRURVLW\ ZHUH DVVHVVHG E\
GU\LQJ VHGLPHQW VDPSOHV RYHUQLJKW DW  & ZKLOH S+ ZDV PHDVXUHG
LQ D ZDWHU VXVSHQVLRQ  YY DFFRUGLQJ WR WKH QRUP ,62 
 &DOFXODWLRQV DQG GDWD WUHDWPHQW
 (QULFKPHQW FRHIILFLHQW DQG WUDQVORFDWLRQ IDFWRU
7KH HQULFKPHQW FRHIILFLHQW IRU URRWV (&5  HQULFKPHQW FRHIILFLHQW
IRU OHDI SDUWV (&/ DQG WUDQVIHU IDFWRU 7) ZHUH FDOFXODWHG DV IROORZV
(&5  FRQFHQ WUDWLRQ RI PHWDO LQ URRWV  FRQFHQWUDWLRQ RI PHWDO LQ
VHGLPHQW  IUDFWLRQ E  ȝP
(&/ FRQFHQWUDWLRQ RI PHWDO LQ OHDI  FRQFHQWUDWLRQ RI PHWDO LQ VHG
LPHQW  IUDFWLRQ E  ȝP
7) FRQFHQWUDWLRQ RI PHWDO LQ OHDI  FRQFHQWUDWLRQ RI PHWDO LQ URRWV
 6WDWLVWLFDO DQDO\VLV
7R HYDOXDWH VWDWLVWLFDOO\ DQ\ VLJQ LILFDQW GLIIHUHQFH EHWZ HHQ PHDQ
YDOXHV DPRQJ DOO H[SHULPHQWDO WUHDWPHQWV DW WKH EHJLQQLQJ DW W  
DQG DW WKH HQG RI WKH H[SHULPHQW  W    &G FRQFHQWUDWLRQV LQ SODQW
VDPSOHV HQULFKPHQ W IDFWRUV (& WUDQVIHU IDFWRUV 7)  ELRDGYHFW LYH
9 DQG ELRGLIXVLYH UDWHV 'E ZHUH ILUVWO\ FRPSDUHG XVLQJ RQHZD\
$129$ 3ULRU WR $129$ WHVWV KRPRVFHGDVWLFYLW\ DQG QRUPDOLW\ RI WKH
UHVLGXHV ZHUH FKHFNHG ZLWK %DUWOHWW DQG 6KDSLUR:LON WHVWV UHVSHFWLYHO\
)ROORZLQJ $129$V WKH PHDQ YDOXHV RI HDFK WUHDWPHQW ZHUH FRPSDUHG
ZLWK HDFK RWKHU XVLQJ 7XNH\ +6'
V PHWKRG 'XQQHWW WHVW ZDV DOVR XVHG
IRU FRPSDULQJ GDWD DW W   GD\V ZLWK LQLW LDO YDOXHV  W   GD\ XVHG
DV UHIHUHQFHV
6HFRQGO\ WKH SRVVLEOH LQWHUDFWLYH HIIHFWV RI FDGP LXP HQULFKPHQW
DQG WXELILFLGV RQ WKH ELRDFFXPXODWLRQ RI 7 ODWLIROLD ZHUH VWXGLHG E\
XVLQJ WZRZD\ $129$ 7ZRZD\ $129$V ZHUH DOVR SHUIRUPHG RQ
WKH DYHUDJH VL]H RI VHGLPHQW SDUWLFOHV VHSDUDWHO\ IRU HDFK VHGLPHQW
OD\HU WR DVVHVV WKH LPSDFW RI ELRWXUEDW LRQ DQG FDGP LXP HQULFKPHQW
RQ VHGLPHQW WH[WXUH
7KUHHZD\ $129$ ZDV DSSOLHG RQ WKH ELRWXUEDWLRQ ELRDGYHFWLYH
UDWHV  9DQG WKH FDGPLXP FRQFHQWUDWLRQ LQ WKH VHGLPHQW VDPSOHV WR LQ
YHVWLJDWH IRU SRVVLEOH LQWHUDFWLYH LQIOXHQFHV RI ZRUPV DGGLWLRQ FDGPL
XP HQULFKPHQW DQG SODQW SUHVHQFHDEVHQFH RQ ELRWXUEDWLRQ DFWLYLWLHV
DQG FDGP LXP EHKDYLRXU LQ VHGLPHQW
6WDWLVWLFDO DQDO\VHV ZHUH SHUIRUPHG XVLQJ WKH VWDWLVW LFDO *UDSK3DG
3ULVP YHUVLRQ  DQG 5 VRIWZDUH YHUVLRQ  
 5HVXOWV
 6HGLPHQW SDUWLFOH ELRWXUEDWLRQ
,Q VHGLPHQW Z LWKRXW WXELILFLGV )LJ  EODFN GRWV  DERXW RI
OXPLQRSKRUHV UHPDLQHG LQ WKH VXUIDFH OD\HU ± FP DIWHU  GD\V
7KH UHPDLQLQJ OXP LQRSKRUH SDUWLFOHV ZHUH ORFDWHG EHORZ WKH VHGLPHQW
VXUIDFH DERXW DQG RI WKH WUDFHUV ZHUH IRXQG DW WKH OD\HUV IURP
 WR  FP DQG IURP  WR  FP  UHVSHFWLYHO\  7KH OXP LQRSKRUH
FRQFHQWUDWLRQ SURILOHV UHFRUGHG XQGHU WKH LQIOXHQFH RI WKH WXELILFLGV
SURYLGHG HYLGHQFH RI VHGLPHQW ELRWUDQVSRUW )LJ  ZKLWH GRWV   WR
RI WKH WUDFHUV LQ LW LDOO\ GHSRVLWHG DW WKH VHGLP HQ W VXUIDFH ZHUH
VSUHDG GRZQ WR UDWKHU WKDQ  FP GHSWK ZLWK D FRQFHQWUDWLRQ SHDN RI
OXP LQRSKRUH SDUWLFOHV DW  FP GHSWK DIWHU  GD\V 7KH H[SHULPHQW LQGL
FDWHV D VLJQLILFDQW LQFUHDVH RI WKH ELRDGYHFWLYH UDWHV 9 LQ SUHVHQFH RI
ZRUPV  WKUHHZD\ $129$ )   3 E  7DEOH 
7KH ELRDGYHFWLYH UDWHV ZHUH VLJQLILFDQWO\ DQG FRQVLVWHQWO\ GLIIHUHQW
EHWZHHQ WUHDWP HQWV Z LWK RU Z LWKRXW WXELILFLGV DGGLW LRQ 7XNH\ +6'
WHVW  )LJ   7KH PHDQ YDOXHV IRU VHGLPHQW Z LWK WXELILFLGV UDQJHG
IURP    WR    FPā \HDUí  ZKLOH LW YDULHG RQO\ IURP
   WR    FPā \HDU ZKHQ WKH\ ZHUH DEVHQW )LJ   1R
RWKHU IDFWRU KDG DQ\ VLJQLILFDQW LQIOXHQFH RQ 9 HLWKHU DORQH RU LQ LQWHU
DFWLRQ Z LWK WKH SUHVHQFH RI WXELILFLGV 7DEOH   7KH FRUUHVSRQGLQJ
ELRGLIIXVLRQ FRHIILFLHQWV 'E GLG QRW VLJQLILFDQWO\ YDU\ DPRQJ WUHDW
PHQWV EXW WHQGHG WR EH KLJKHU LQ SUHVHQFH RI ZRUPV IURP   
WR    FP ā \HDUí  FRPSDUHG WR DELRWLF FRQ WUROV  IURP  
 WR    FPā \HDUí  )LJ   ,W LV SDUW LFXODUO\ UHPDUNDEOH WKDW
QR VLJQLILFDQW GLIIHUHQFH IRU HLWKHU 9RU 'E ZDV REVHUYHG ZKHQ FRPSDU
LQJ VHGLPHQW ZLWK RU ZLWKRXW DGGHG FDGP LXP
 3K\VLFRFKHPLFDO VHGLPHQW SURSHUWLHV ZLWK DQG ZLWKRXW ELRWXUEDWLRQ
7KH PHDQ JUDLQVL]H DQG WKH SHUFHQWDJH RI HDFK VHGLPHQW IUDFWLRQ LQ
WKH WZR VHGLPHQW OD\HUV / ± FP DQG / ± FP DW WKH HQG RI WKH
H[SHULPHQW DUH JLYHQ LQ 7DEOH  IRU WKH IRXU H[SHULPHQWDO FRQGLWLRQV
^&RQWURO ` ^7XE ` ^&G ` DQG ^&G7XE ` $IWHU  GD\V ZKHQ QR WXELILFLGV
WKH VPDOOHVW SDUWLFOHV ILQH VLOW  FOD\ PHGLXP VLOW  DQG FRDUVH VLOW Z LWK
JUDLQVL]H IUDFWLRQ E ȝP DFFRXQWHG IRU XS WR  DQG RI WKH
VHGLPHQW YROXPH LQ / DQG / UHVSHFWLYHO\ LQ ^&RQWURO` XQLW  7KH JUDLQ
VL]H GLVWULEXW LRQV ZHUH DOPRVW VLP LODU LQ ERWK WUHDWP HQ WV ^&RQWURO`
DQG ^&G` WUHDWPHQWV :KHQ ZRUPV ZHUH SUHVHQW WKH UHODWLYH SURSRU
WLRQ RI WKH VHGLP HQW IUDFWLRQV E ȝP LQFUHDVHG VLJQ LILFDQWO\ DW WKH
HQG RI WKH H[SHULPHQ W WR  DQG LQ WKH WRS OD\HU / RI WKH
WZR WUHDWPHQWV ^7XE` DQG ^&G7XE `  UHVSHFWLYHO\ $W WKH VDPH WLPH
LQ D FRQVLVWHQW ZD\ WKH UHODWLYH SURSRUWLRQ RI WKH VHGLPHQW IUDFWLRQV
E ȝP GHFUHDVHG LQ WKH VHFRQG OD\HU / WR  DQG IRU WKHVH
WUHDWPHQWV ,Q FRQWUDVW WKH ODUJHVW SDUWLFOHV QRWDEO\ FRDUVH PHGLXP
6
DQG ILQH VDQGV UHFRUGHG LQ / IRU WKHVH WZR WUHDWPHQWV ZHUH VLJQLIL
FDQWO\ OHVV DEXQGDQW FRPSDUHG ZLWK WKRVH ZLWKRXW ZRUPV 7DEOH  
$ VLJQLILFDQW HIIHFW RI WXELILFLGV DGGLWLRQ ZDV UHFRUGHG LQ WKH ILUVW
OD\HU / ZLWK D ORZHULQJ RI WKH PHDQ JUDLQ VL]H RI SDUWLFOHV DQG WKH UH
YHUVH IRU WKH VHFRQG OD\HU / DV HYLGHQFHG E\ XVLQJ WZRZD\ $129$
)   DQG  UHVSHFWLYHO\ 3 E  7DEOH  7KH HIIHFW
RI FDGP LXP HQULFKPHQW ZDV VLJQLILFDQW DOWKRXJK WR D OHVVHU H[WHQ W
RQ O\ RQ WKH PHDQ JUDLQ VL]H LQ OD\HU   WZRZD\ $129$ )  
 3    1R VLJQLILFDQW LQWHUDFWLRQ EHWZHHQ WKH WZR IDFWRUV
WHVWHG &G HQ ULFKPHQW DQG WXELILFLGV DGGLWLRQ ZDV IRXQG IRU DQ\ RI
WKH WZR OD\HUV 7DEOH 
)RU WKH WUHDWPHQW ^&G7\S ` WKH SRURVLW\ RI VHGLPHQW LQ WKH FROXPQ
YDULHG IURP WR  UHVSHFWLYHO\ IRU / DQG / :LWK DGGLWLRQ
RI ZRUPV WKH SRURVLW\ KDV RQO\ LQFUHDVHG LQ WKH ILUVW OD\HU / ZLWK D
PHDQ RI  )LJ  VKRZV WKH S+ YDULDWLRQ DFFRUGLQJ WR WKH GHSWK LQ
WKH PLFURFRVPV IRU ^&G7\S` DQG ^&G7\S7XE` WUHDWPHQWV 7KH S+ RI
)LJ  9HUWLFDO SURILOHV RI OXP LQRSKRUHV LQ WKH VHGLPHQW DIWHU  GD\V IRU WUHDWPHQWV Z LWK DQG Z LWKRXW WXELILFLGV ELRWXUEDWLRQ :KLWH DQG EODFN GRWV DUH PHDQ YDOXHV RI WKH PHDVXUHG
OXP LQRSKRUH FRQFHQW UDWLRQV   6ROLG OLQHV DUH WKHRUHWLFDO SURILOHV RI WKH WUDFHU FRQFHQ WUDW LRQV REWDLQHG E\ XVLQJ ELRDGYHFW LYH 9 DQG ELRGLIIXVLYH 'E UDWHV FDOFXODWHG
LQGHSHQGHQWO\ IRU HDFK P LFURFRVP  7KH SDUW LQ JUH\ FRORU LV WKH WK LFNQHVV RI WK H ELRWXUEDWHG OD\HU LQ WKH WUHDWPHQWV Z LWK WXELILFLGV  VHH 7DEOH  IRU WKH DFURQ\P GHILQLWLRQV
FRUUHVSRQGLQJ WR WKH GLIIHUHQW WUHDWPHQWV
7DEOH 
7KUHHZD\ $129$SHUIRUPHG RQ WKH ELRDGYHFWLYH UDWHV 9  VLJQLILFDQW GLIIHUHQFH IRU
9 DW 3   QV QRQ VLJQLILFDQFH DFFRUGLQJ WR WKUHHZD\ $129$
)DFWRUV ) 3
&G HQULFKPHQW  QV
7 ODWLIROLD WUHDWPHQW  QV
7XELILFLGV DGGLWLRQ  Eƒƒƒ
&GW\S LQ WHUDFWLRQ  QV
&GWXE LQWHUDFWLRQ  QV
7\SWXE LQWHUDFWLRQ  QV
&GW\S7XE LQWHUDFWLRQ  QV
7KH EROG LQ WKH WDEOH LV WR KLJKOLJKW WKH VLJQLILFDQW GLIIHUHQFH RI9ELRDGYHFWLYH UDWH FRP
SDUHG WR WKH RWKHU IDFWRUV
)LJ  %LRDGYHFW LYH UDWHV 9 HVW LP DWHG DIWHU  GD\V IRU WK H GLIIHUHQ W H[SHULPHQWDO
WUHDWPHQWV G LIIHUHQ W OHW WHUV LQG LFDWH WKH VLJQ LILFDQ W G LIIHUHQFHV 3 E  RI 9
EHWZHHQ WUHDWPHQWV DV DQDO\]HG E\ 78.(<+6' PXOWLSOH FRPSDULVRQ WHVWV 9DOXHV DUH
PHDQ  6' Q   SHU WUHDWPHQW JURXS VHH 7DEOH  IRU WKH DFURQ\P GHILQLWLRQV XVHG
IRU WKH GLIIHUHQW WUHDWPHQWV 
7
WKH RYHUO\LQJ ZDWHU ZHUH IRXQG WR EH DW  DQG  LQ FRQGLWLRQV ZLWK
DQG ZLWKRXW ELRWXUEDWLRQ  UHVSHFWLYHO\ 7KH ELRWXUEDWLRQ HIIHFW ZDV RQO\
GHWHFWDEOH LQ WKH VXUIDFH VHGLPHQW OD\HUV  IURP  WR  FP ZKHUH WKH S+
GHFUHDVHG IURP    WR    XQGHU WXELILFLGV
 LQIOXHQFH
:LWKRXW ELRWXUEDWLRQ HIIHFW  WKH S+ LV HYHQ ORZHU DQG UHDFKHV  
 DW  FP GHSWK )LJ  
 &DGPLXP FRQFHQWUDWLRQV LQ RYHUO\LQJ ZDWHU
'LVVROYHG FDGPLXP FRQFHQWUDWLRQ LQ WKH RYHUO\LQJ ZDWHU RI WKH P L
FURFRVPV FRQ WDP LQDWHG E\ &G ZDV LQ LW LDOO\ LQ WURGXFHG DW  ȝJā /í 
 FRUUHVSRQGLQJ WR D WRWDO DPRXQW RI  ȝJ &G SHU P LFURFRVP 
)HZ KRXUV DIWHU WKH FRQWDPLQDQW LQ WURGXFWLRQ  W    WKH DYHUDJH GLV
VROYHG FDGPLXP FRQFHQWUDWLRQV ZHUH IRXQG WR EH    ȝJā /í 
DQG    ȝJā /í  PHDQV  6' Q   LQ WKH WUHDWPHQWV Z LWK
^ &G` DQG ZLWKRXW FDGP LXP HQULFKPHQW ^í &G` UHVSHFWLYHO\ 7KLUW\
GD\V DIWHU WKH EHJLQQLQJ RI WKH H[SHULPHQW  WKH &G FRQFHQWUDWLRQ LQ
ZDWHU ZDV YHU\ ORZ  UDQJLQJ IURP    WR    ȝJā /í 
LQ DOO H[SHULPHQWDO FRQGLWLRQV Z LWK QR VLJQLILFDQW GLIIHUHQFH EHWZHHQ
DOO FRQWDPLQDWHG WUHDWPHQWV
 &DGPLXP FRQFHQWUDWLRQV LQ VHGLPHQW
%HIRUH DGGLQJ WKH FRQWDPLQDQW LQWR WKH RYHUO\LQJ ZDWHU &G FRQFHQ
WUDWLRQV LQ VHGLPHQW UDQJHG IURP     OD\HU / WR  
 ȝJJí  GU\ ZW  OD\HU / )LJ $ $W W   GD\V &G FRQFHQWUD
WLRQ LQ WKH VHGLPHQW RI ^&RQWURO`P LFURFRVPV DQG WKH PLFURFRVPV ZLWK
7 ODWLIROLD RQO\ ^7\S` UDQJHG IURP  WR  ȝJā Jí  GU\ Z W DQG
ZHUH VLP LODU WR WKH LQLWLDO FRQGLW LRQV LQ ERWK VHGLPHQW OD\HUV )RU DOO
WKHVH WUHDWPHQ WV QR VLJQLILFDQ W GLIIHUHQFH LQ &G FRQFHQ WUDWLRQ ZDV
IRXQG EHWZHHQ WRS / DQG GHHSHU / OD\HUV
,Q WKH DEVHQFH RI ZRUPV )LJ $ EXW ZLWK &G DGGLWLRQ LH ^&G`DQG
^&G7\S ` WKH DYHUDJH &G FRQFHQWUDWLRQV VLJQLILFDQWO\ LQFUHDVHG LQ WKH
ILUVW OD\HU  DQG  ȝJā Jí  GU\ ZW UHVSHFWLYHO\ FRPSDUHG WR
FRQWURO XQLWV ZKLOH LQ WKH VHFRQG OD\HU WKH YDOXHV UHPDLQHG WKH VDPH
DV LQ WKH FRQ WURO P LFURFRVPV ^&RQ WURO`  DQG  ȝJā Jí  GU\
ZW UHVSHFWLYHO\ 7KH &G FRQFHQWUDWLRQV GLG QRW GLIIHU VLJQLILFDQWO\ GH
SHQGLQJ RQ WKH SUHVHQFH RU DEVHQFH RI 7 ODWLIROLD
:KHQ ZRUPV ZHUH SUHVHQW )LJ % ZLWKRXW &G HQULFKPHQW  7^XE `
^7\S 7XE `  FRPSDUHG ZLWK WKH FRQWURO ,^Q LW LDO` XQ LW DW W   DQG
^&RQWURO` DQG ^7\S` XQLWV DW W   GD\V &G FRQFHQWUDWLRQV LQFUHDVHG
LQ /  WR  DQG  ȝJJí  GU\ Z W  DQG GHFUHDVHG LQ /
 WR  DQG  ȝJJí  GU\ ZW LQ ^7XE ` ^7\S7XE ` UHVSHFWLYHO\
:KHQ ERWK ZRUPV DQG &G ZHUH SUHVHQW WKH KLJKHVW FRQFHQWUDWLRQV
RI &G ZHUH IRXQG LQ WKH OD\HU /  DQG  ȝJā Jí  GU\ ZW LQ
^&G7XE` DQG^&G7\S7XE` UHVSHFWLYHO\  DQG WKHUH ZDV QR VLJQLILFDQW
GLIIHUHQFH LQ WKH SUHVHQFH RU DEVHQFH RI 7 ODWLIROLD &G FRQFHQWUDWLRQV
LQ WKH OD\HU / RI WKHVH WZR WUHDWPHQWV ZHUH IRXQG WR EH  DQG
 ȝJā Jí  GU\ ZW UHVSHFWLYHO\ )LJ   DJDLQ LQGHSHQGHQWO\ RI
7 ODWLIROLD SUHVHQFH
7KH GLIIHUHQW OHYHOV RI &G FRQFHQWUDWLRQV EHWZHHQ WKH ILUVW DQG WKH
VHFRQG OD\HU H[SUHVVHG DV VSHFLILF UDWLR 5 REVHUYHG LQ DOO H[SHULPHQWDO
WUHDWPHQWV UDQJHG IURP  WR  LQ WKH DEVHQFH RI ZRUPV
 DFWLYLWLHV
)LJ $ DQG IURP  WR  ZKHQ ZRUPV DUH SUHVHQW LQ WKH VHGLPHQW
)LJ %
7KH HIIHFWV RI ERWK FDGPLXP HQULFKPHQW DQG WXELILFLGV DGGLWLRQ RQ
&G FRQFHQWUDWLRQV LQ WKH WRS OD\HU ZHUH DQDO\]HG XVLQJ WKH WKUHHZD\
$129$ )   3 E  DQG )   3 E 
UHVSHFWLYHO\ DV ZHOO DV WKH HIIHFW RI WXELILFLGV RQO\ LQ WKH VHFRQG OD\HU
 WK UHHZD\ $129$ )   3   7DEOH   7KHUH
ZHUH QR VLJQ LILFDQW LQ WHUDFWLRQV EHWZHHQ WKHVH IDFWRUV  WKUHHZD\
$129$ 3 1  
 &DGPLXP FRQFHQWUDWLRQV LQ 7 ODWLIROLD RUJDQV
7KH PHDQ &G FRQFHQWUDWLRQ LQ WKH URRWV DQG OHDYHV RI 7\SKD ODWLIROLD
LQ ILHOG VDPSOH FROOHFWHG  GD\V EHIRUH WKH EHJLQQLQJ RI WKH H[SHULPHQW
DQG LQ WKH GLIIHUHQ W WUHDWP HQWV DW LQ LW LDO VHW XS DQG DQG HQG RI
H[SHULPHQW LV UHSRUWHG LQ )LJ  7KH FRQFHQWUDWLRQV LQ WKH OHDI SDUWV
)LJ % DYHUDJHG    ȝJā Jí  GU\ ZW LQ ^7\S` WR  
 ȝJā Jí  GU\ ZW LQ ^&G7\S7XE` WUHDWPHQ WV DQG ZDV PXFK
ORZHU E\ D IDFWRU  WKDQ LQ WKH URRWV IRU DOO WUHDWPHQWV 1R VLJQLILFDQW
GLIIHUHQFHV 3 1  LQ &G FRQFHQWUDW LRQV ZHUH REVHUYHG LQ WKH OHDI
SDUWV RI DQ\ WUHDWPHQ W DW WKH EHJLQQLQJ DQG DW WKH HQG RI WKH
H[SHULPHQ W GHVSLWH D VOLJKW LQFUHDVH REVHUYHG LQ WKH SUHVHQFH RI
ZRUPV ^&G7\S7XE `  ,Q WKH URRWV )LJ $  WKHUH ZHUH VLJQLILFDQW
GLIIHUHQFHV LQ DYHUDJH &G FRQFHQWUDWLRQV DPRQJ WUHDWPHQWV DW WKH EH
JLQQLQJ  W   DQG DW WKH HQG RI WKH H[SHULPHQW  W   ZKHQ PHD
VXUHG YDOXHV ZHUH DQDO\]HG DOO WRJHWKHU RQHZD\ $129$ )  
 3    7KH PHDQ YDOXH RI DOO WKH WUHDWPHQWV DW WKH HQG RI
WKH H[SHULPHQ W  W   VLJQLILFDQWO\ GLIIHUHG IURP WKH DYHUDJH
LQLWLDO &G FRQFHQWUDWLRQ  W    IURP WKH 'XQQHWW PXOWLSOH FRPSDUL
VRQV 3 1  LQ DOO FDVHV )LJ $ +RZHYHU D VLJQLILFDQW HIIHFW RI FDG
P LXP HQULFKPHQW RQ &G ELRDFFXPXODWLRQ E\ 7 ODWLIROLD URRWV )  
 3   DQG WR D OHVVHU H[WHQW RI WKH LQ WHUDFWLRQ EHWZHHQ
WKH WZR WHVWHG IDFWRUV &G DQG WXELILFLGV LQ LQ WHUDFWLRQ )  
3    ZHUH HYLGHQFHG E\ D WZRZD\ $129$7DEOH  &DGP LXP
FRQFHQWUDWLRQ LQFUHDVHG VLJQ LILFDQWO\ LQ WKH URRWV GXULQJ WKH
7DEOH 
3HUFHQWDJHV RI WKH YDULRXV VL]HIUDFWLRQV RI SDUWLFOHV DQG PHDQ JUDLQVL]H LQ HDFK VHGLPHQW OD\HUV PHDQ  6' Q   DW W   GD\V
*UDLQVL]H IUDFWLRQ

VW OD\HU / QG OD\HU /
*UDLQ VL]H
ȝP
&RQWUROW 7XEW &GW &G7XEW &RQ WUROW 7XEW &GW &G7XEW
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7KH EROG LQ WKH WDEOH LV WR PDNH WKH KLJKOLJKWV RI WKH ZRUPV
 HIIHFWV RQ ILQH VHGLPHQW IUDFWLRQ
7DEOH 
(IIHFW RI ELRWXUEDWLRQ DQG FDGPLXP HQULFKPHQW DQG WKHLU LQWHUDFWLRQV SHUIRUPHG RQ WKH
PHDQ JUDLQ VL]H RI VHGLPHQW SDUWLFOHV XVLQJ WZRZD\ $129$
)DFWRUV VW OD\HU / QG OD\HU /
) 3 ) 3
&DGP LXP HQULFKPHQW  QV  
7XELILFLGV DGGLWLRQ  E  E
,QWHUDFWLRQ  QV  QV
ƒ DQG ƒƒƒ LQGLFDWH VLJQLILFDQFH DW S   DQG  UHVSHFWLYHO\ QV QRQ VLJQLILFDQFH
DFFRUGLQJ WR WZRZD\ $129$
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H[SHULPHQ W ZKHQ ERWK FDGPLXP DQG ZRUPV ZHUH WRJHWKHU
^&G7\S7XE `  ZKHQ FRPSDUHG ZLWK WKH WUHDWPHQW KDYLQJ
ZRUPV RQO\ ^7\S7XE` 7XNH\ +6' 3   )LJ $ $ VLJQLILFDQW
LQFUHDVH ZDV DOVR REVHUYHG ZLWK ELRWXUEDWLRQ ^&G7\S7XE` PHDQ  
 ȝJā Jí  GU\ ZW FRPSDUHG WR ^7\S` PHDQ   ȝJJí 
GU\ ZW WUHDWPHQWV DW W   7XNH\ +6' 3    1R VLJQLILFDQW
GLIIHUHQFH ZDV REVHUYHG EHWZHHQ WKH WZR FRQGLWLRQV ^&G7\S` DQG
^&G7\S7XE` 3   QHLWKHU EHWZHHQ WKH WZR FRQGLWLRQV
^&G7\S` DQG ^7\S` 3   DFFRUGLQJ WR 7XNH\ SRVWKRF WHVW
)LJ $
 ,QGLFDWRUV RI SK\WRUHPHGLDWLRQ SRWHQWLDO
3ODQ W SK\WRUHPHGLDWLRQ SRWHQWLDO FDQ EH DVVHVVHG E\ XVLQJ WKH HQ
ULFKPHQW FRHIILFLHQW (& DQG WUDQVORFDWLRQ IDFWRU 7)  ,Q 7DEOH  DQG
)LJ  WZR (& YDOXHV WKDW GR QRW FRQVLGHU WKH UHIHUHQFH FRQGLWLRQV
ILHOG VDPSOH  W  í  DQG LQ LW LDO VDP OH  W    ZHUH FDOFXODWHG
IRU WKH WZR H[SHULPHQWDO VHGLPHQW OD\HUV / DQG / IRU URRWV (&5
DQG IRU OHDYHV (&/ $V LQGLFDWHG LQ 7DEOH  PHDQ YDOXHV RI (&/ UDQJHG
IURP  WR  LQ WRS OD\HU / DQG IURP  WR  LQ OD\HU /
ZKHUHDV WKH (&5 VKRZHG KLJKHU YDOXHV Z LWK DYHUDJH UDQJLQJ IURP
 WR  )LJ $ DQG IURP  WR  )LJ % LQ / DQG / UH
VSHFWLYHO\ 7KH 7)ZDV VPDOOHU WKDQ  DQG YDULHG EHWZHHQ  DQG 
7KH HQULFKPHQW FRHIILFLHQW IRU WKH OHDI SDUWV (&// DQG (&// DQG
WKH WUDQVIHU IDFWRU 7) 7DEOH  GLG QRW VKRZ DQ\ VLJQLILFDQW GLIIHUHQFH
DPRQJ H[SHULPHQ WDO WUHDWP HQ WV DW WKH EHJLQQLQJ  W   DQG DW
WKH HQG  W   RI WKH H[SHULPHQW RQHZD\ $129$ )  
3   )   3   )   3   UH
VSHFW LYHO\  ,Q FRQ WUDVW  WKH HQULFKPHQW FRHIILFLHQW IRU WKH URRWV
)LJ  VKRZHG VLJQLILFDQW GLIIHUHQFHV DPRQJ FRPSDUHG WUHDWPHQWV DW
WKH EHJLQQLQJ DQG DW WKH HQG RI WKH H[SHULPHQW (&5/ $129$ WHVW
)   3   DQG DPRQJ WUHDWPHQWV DW W   (&5/
(&5/ RQHZD\ $129$ WHVW  )   3   )   3  
 UHVSHFWLYHO\ 
)LJ &RPSDULVLRQ RI S+ SURILOHV LQ WKH RYHUO\LQJ ZDWHU DQG VHGLPHQW FROXPQ IRU WUHDWPHQWV ZLWK ZKLWH GRWV DQG ZLWKRXW WXELILFLGV EODFN GRWV ELRWXUEDWLRQ 9DOXHV DUH PHDQ  6' Q  
SHU WUHDWPHQW JURXS VHH 7DEOH  IRU WKH DFURQ\P GHILQLWLRQV XVHG IRU WKH GLIIHUHQW WUHDWPHQWV
)LJ 0HDQ FRQFHQ WUDWLRQV RI FDGPLXP ȝJāJí  GU\ ZW LQ WKH VHGLPHQW OD\HUV  IUDFWLRQ E ȝP DW WKH LQLWLDO W   PHDQ  6' Q   DQG DW WK H HQG W   PHDQ  6' Q  
/  VXUIDFH OD\HU RI VHG LP HQW ± FP  /  GHHSHU OD\HU RI VHG LP HQW ± FP   5  UDWLR EHWZHHQ FRQFHQ WUDW LRQ RI &G LQ / RYHU FRQFHQ WUDWLRQ RI &G LQ / $  WUHDWPHQW
JURXS Z LWKRXW WXELILFLGV %  W UHDWP HQ W JURXS KDYLQJ WXELILFLGV  VHH 7DEOH  IRU WKH DFURQ\P GHILQLWLRQV FRUUHVSRQGLQJ WR WKH GLIIHUHQ W WUHDWP HQ WV 
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6LJQLILFDQW LQ WHUDFWLRQV EHWZHHQ &G HQULFKPHQW DQG WXELILFLGV DGGL
W LRQ ZHUH REVHUYHG LQ WKH HQULFKPHQW FRHIILFLHQWV IRU URRWV LQ ERWK
WKH OD\HU / DQG OD\HU /  WZRZD\ $129$ )   3  
)   3   UHVSHFWLYHO\ 7DEOH   +RZHYHU WKH (&5
YDOXHV ZHUH GLIIHUHQWO\ LQIOXHQFHG E\ WKH YDULRXV IDFWRUV LQ WKH WZR
OD\HUV WKHUH ZDV D VLJQLILFDQW HIIHFW RI WXELILFLGV DGGLWLRQ LQ WKH OD\HU
/  WZRZD\ $129$ )   3   DQG RI FDGPLXP HQULFK
PHQW LQ WKH OD\HU /  WZRZD\ $129$ )   3  
7DEOH   $OWKRXJK WKH HQULFKPHQW IDFWRUV IRU WKH URRWV (&5 GLG QRW
UHYHDO DQ\ VLJQLILFDQW GLIIHUHQFH EHWZHHQ WKH WZR FRPSDUHG WUHDWPHQWV
^&G7\S` DQG ^7\S ` QRU EHWZHHQ ^&G7\S` DQG ^&G7\S7XE` IRU WKH /
7XNH\ +6' SRVW KRF WHVW  3 YDOXHV UDQJLQJ IURP  WR 
)LJ $ WKH ELRDFFXPXODWLRQ FDSDFLW\ RI 7 ODWLIROLD LQ WKH URRWV ZDV VLJ
Q LILFDQ WO\ LQFUHDVHG IRU WKH / LQ WKH SUHVHQFH RI ERWK FDGPLXP DQG
ZRUPV )LJ % 7KH 7XNH\
V PXOWLSOH FRPSDULVRQV WHVWV LQGLFDWHG WKH
VLJQLILFDQW GLIIHUHQFHV EHWZHHQ ^&G7\S7XE` DQG ^7\S7XE` WUHDWPHQWV
LQ (&5/ DQG (&5/ 3    UHVSHFWLYHO\  DQG EHWZHHQ
^&G7\S7XE` DQG ^7\S W`UHDWPHQWV LQ (&5/ 3  
 'LVFXVVLRQ
 ,QIOXHQFH RI ELRWXUEDWLRQ RQ SDUWLFOH PL[LQJ
,Q FRQWURO SORWV Z LWKRXW 7XELIH[ ZRUPV )LJ   QR SDUWLFOH P L[LQJ
RFFXUUHG VLQFH RI OXP LQRSKRUH WUDFHUV UHPDLQHG DW WKH VXUIDFH RI
WKH VHGLPHQW 6RPH OXP LQRSKRUH SDUWLFOHV ZHUH IRXQG LQ WKH GHHSHU
OD\HUV SUREDEO\ GXH WR LQKHUHQW WUDFHU PRYPHQWV GXULQJ H[SHULPHQWD
W LRQ RU EHFDXVH RI WKH DFWLYLW\ RI VRPH VPDOOHU LQYHUWHEUDWHV WKDW VXU
YLYHG WR WKH LQ LW LDO VHGLPHQW GHIDXQDWLQJ SURFHVV $ VLJQ LILFDQW
ELRDGYHFW LRQ RI VHGLPHQW RFFXUHG GXULQJ WKH H[SHULPHQW RQO\ XQGHU
WKH ZRUPV
 DFWLYLWLHV DV DWWHVWHG E\ WKH VWDVWLWLVWLFDO DQDO\VLV 7DEOH  
,Q WKH SUHVHQFH RI WXELILFLG ZRUPV ZLWK D GHQVLW\ RI  ZRUPVāGPí 
HTXLYDOHQW WR D IUHVK ELRPDVV RI    J SHU PLFURFRVP D VXEVXU
IDFH SHDN RI WUDFHUV LQ WKH  FP OD\HU LQGLFDWHG WKDW D FRQYH\LQJ WUDQVSRUW
ZDV FUHDWHG E\ WKH WXELILFLGV ZLWK DYHUDJH UDWHV RI    WR  
 FPā\HDUí  7KLV GRZQZDUG WUDQVSRUW RI WKH VXUIDFH VHGLPHQW UHVXOW
HG IURP WKH DFFXPXODWLRQ RI IDHFDO SHOOHWV DW WKH VHGLPHQW VXUIDFH VLPXO
WDQHRXVO\ ZLWK VHGLPHQW GHSUHVVLRQ LQ GHHSHU OD\HUV GXH WR VHGLPHQW
LQJHVWLRQ E\ WKH ZRUPV IHHGLQJ DFWLYLWLHV $QVFKXW] HW DO  &LXWDW
HW DO   6LQFH FRDUVH SDUWLFOHV DV OXPLQRSKRUHV DQG VDQG SDUWLFOHV
DUH WRR ODUJH WR EH LQJHVWHG E\ WXELILFLG ZRUPV DW GHSWK WKH VDPH IHHGLQJ
EHKDYLRXU LQGXFHV D GHFUHDVH RI WKH VLOWFOD\ IUDFWLRQ VLQFH ZRUPV DUH
DYRLGLQJ ODUJHU VDQG SDUWLFOHV 5RGULJXH] HW DO  &RQVHTXHQWO\ ELR
WXUEDWLRQ FUHDWHV  GLVWLQFW OD\HUV LQ WKH ELRWXUEDWHG VHGLPHQW )LJ  D
WRS OD\HU FRUUHVSRQGLQJ WR WKH IDHFDO SHOOHWV DFFXPXODWLRQ IURP LQJHVWHG
DQR[LF VHGLPHQW DQG D ERWWRP OD\HU RI Z LWK LQFUHDVLQJ SDUWLFOH VL]H
$QVFKXW] HW DO  7KH PD[LPDO LQJHVWLRQ GHSWK ZDV ORFDWHG EHORZ
 FP DQG WKH ELRWXUEDWHG OD\HU ZDV HVWLPDWHG WR EH IURP  WR 1 FP
VLQFH OXP LQRSKRUHV RFFXUUHG GRZQ WR WKLV OHYHO )LJ  DIWHU  GD\V
7KH REWDLQHG UDWHV RI ELRDGYHFWLRQ LQ SUHVHQFH RI WXELILFLGV )LJ  ZHUH
LQ WKH VDPH RUGHU RI PDJQLWXGH RI WKRVH HVWLPDWHG E\ RWKHU SUHYLRXV DX
WKRUV ZLWK WXELILFLGV SRSXODWLRQ RI YDULRXV GHQVLWLHV &LXWDW HW DO E
0F&DOO DQG )LVKHU  0DWLVRII HW DO  ,QGHHG&LXWDW HW DO D
E ZKR VWXGLHG ELRDGYHFWLRQ XQGHU D WXELILFLGV SRSXODWLRQ RI 
ZRUPVGPí  UHSRUWHG DQ LQJHVWLRQ ]RQH LQ WKH ±FP OD\HU DQG DQ DG
YHFWLRQ UDWH RI  FPā\HDUí  7KH KLJKHU GHQVLW\ LQ WKH SUHYLRXV VWXGLHV
H[SODLQV WKH GLIIHUHQFHV LQ WKH ELRDGYHFWLRQ UDWHV REWDLQHG LQ RXU H[SHUL
PHQW    WR    FPā\HDUí  &RPSDUHG WR FRQWURO H[SHU
LPHQWDO XQLWV WKH UHF\FOHG PDWHULDO DW WKH HQG RFFXUV DV VHYHUDO
FHQWLPHWUHWKLFN 1 FP VXUIDFH OD\HUV HQULFKHG LQ ZDWHU FRQWHQW DV
REVHUYHUG E\ $QVFKXW] HW DO  ZLWK KLJKHU YDOXH RI SRURVLW\ IRXQG
LQ VXUIDFH WKDW ZDV FORVH WR  7KLV OD\HU ZDV FKDUDFWHUL]HG E\ D VLJQLI
LFDQW FRQFHQWUDWLRQ RI GLVVROYHG QLWUDWH DQG VXOSKDWH GHSOHWHG LQ R[\JHQ
7DEOH 
(IIHFWV RI &G HQULFKPHQW DQG WXELILFLGV RQ FDGP LXP FRQFHQWUDWLRQV LQ WKH WRS VHGLPHQW
OD\HU / DQG LQ WKH GHHSHU OD\HU / WR LQYHVWLJDWH WKH LQWHUDFWLRQV EHWZHHQ H[SHULPHQ
WDO WUHDWPHQWV
([SHULPHQWDO WUHDWPHQWV &G FRQF LQ OD\HU  / &G FRQF LQ OD\HU  /
) 3 ) 3
&DGP LXP HQULFKPHQW   î ± ƒƒƒ  
7 ODWLIROLD WUHDWPHQW    
7XELILFLGV DGGLWLRQ   î ± ƒƒƒ  ƒƒ
&G7\S LQWHUDFWLRQ    
&G7XE LQWHUDFWLRQ    
7\S7XE LQWHUDFWLRQ    
&G7\S7XE LQWHUDFWLRQ    
 DQG  LQGLFDWH VLJQLILFDQFH DW S   DQG  UHVSHFWLYHO\ QVQRQ VLJQLIL
FDQFH DFFRUGLQJ WR WKUHHZD\ $129$
)LJ 0HDQ FRQFHQWUDWLRQV RI FDGPLXP LQ 7\SKD ODWLIROLD URRWV $ DQG OHDYHV % IRU HDFK H[SHULPHQWDO FRQGLWLRQ EHIRUH WKH H[SHULPHQW ILHOG VDPSOH RQ W  í  DW WKH LQLWLDO WLPH W  
DQG DW WKH HQG RI WKH H[SHULPHQW W   9DOXHV DUH PHDQV  6' UHSOLFDWH Q   SHU WUHDWPHQW JURXS H[FHSW IRU WKH ILHOG VDPSOH Q   'LIIHUHQW VXSHUVFULSW OHWWHUV LQGLFDWH WKH
VLJQLILFDQW GLIIHUHQFHV IRU &G FRQFHQWUDWLRQV LQ WKH URRW SDUWV EHWZHHQ FRQGLWLRQV DW S E  OHYHO DV DQDO\]HG E\ 7XNH\ +6' WHVW 1R VLJQLILFDQW GLIIHUHQFH ZDV REVHUYHG DPRQJ WKH OHDI
SDUWV RI WKH YDULRXV H[SHULPHQWDO WUHDWPHQWV 7KH YHUWLFDO VFDOHV XVHG LQ URRW DQG OHDI
V &G FRQWHQWV DUH GLIIHUHQW 6HH 7DEOH  IRU WKH PHDQLQJ RI DFURQ\PV FRUUHVSRQGLQJ WR WKH GLIIHUHQW
WUHDWPHQWV
7DEOH 
7ZRZD\ $129$SHUIRUPHG RQ FDGPLXP FRQFHQWUDWLRQ LQ 7 ODWLIROLD WR LQYHVWLJDWH WKH LQ
WHUDFWLRQ EHWZHHQ H[SHULPHQWDO WUHDWPHQWV
0LFURFRVPV &G FRQF LQ URRW &G FRQF LQ OHDI
) 3 ) 3
&DGP LXP HQULFKPHQW    QV
7XELILFLGV DGGLWLRQ  QV  QV
,Q WHUDFWLRQ    QV
 DQG  LQGLFDWH VLJQLILFDQFH DW 3   DQG  UHVSHFWLYHO\ QVQRQ VLJQLILFDQFH
DFFRUGLQJ WR WZRZD\ $129$
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DQG VOLJKWO\ LQFUHDVHG LQ S+ DFFRUGLQJ WR $QVFKXW] HW DO  IRU VLPLODU
ZRUPV SRSXODWLRQ FRQGLWLRQV
 ,QIOXHQFH RI ELRWXUEDWLRQ SURFHVVHV RQ FDGPLXP EHKDYLRXU LQ VHGLPHQW
'XULQJ WKH H[SHULPHQW WKHUH ZHUH QR VLJQLILFDQW SK\VLFDO SURFHVVHV
RFFXULQJ VXFK DV VHGLPHQW FRPSDFWLRQ WKDW P LJKW DIIHFW WKH FRQWDPL
QDQW GLVWULEXWLRQ ZLWK WLPH 7KLV LV VXSSRUWHG E\  L WKH VLP LODU &G FRQ
FHQ WUDW LRQ SURILOHV EHWZHHQ WKH WK UHH FRQ WURO WUHDWPHQWV DW W  
EHIRUH DGGLQJ WKH FRQWDP LQDQW LQWR WKH RYHUO\LQJ ZDWHU  WKH FRQWURO
WUHDWP HQW ^&RQWURO`  W    DQG WKH H[SHULPHQ WDO XQLW KDYLQJ
7 ODWLIROLD WUHDWPHQW RQO\ ^7\S`DW W  ZLWK DQ DYHUDJH &G FRQFHQWUD
WLRQ UDQJLQJ IURP  WR  ȝJāJí  GU\ ZW )LJ $  LL WKH VLP 
LODU VSHFLILF UDWLR RI &G FRQFHQWUDWLRQV 5 FORVH WR  EHWZHHQ / DQG /
RI VHGLPHQW DPRQJ WKHVH WKUHH FRQGLWLRQV 7KLV KLJKOLJKWV DOVR WKH UHOH
YDQFH RI WKH UHIHUHQFH FRQGLWLRQV DV LW LV FRQVLVWHQW Z LWK SUHYLRXV FRQ
FHQWUDWLRQV PHDVXUHG RQ WKH VDPH VHGLPHQW 3UREVW DQG *XLOORX[ LQ
SUHS DQG LQ WKH ULYHUV IURP WKH DUHD 1
JXHVVDQ HW DO  
$IWHU  GD\V WKH UDSLG DGVRUSWLRQ RI &G RQ VXUIDFH VHGLPHQW SDUWL
FOHV IROORZLQJ &G DGGLWLRQ LQ WKH RYHUO\LQJ ZDWHU DW W   ZDV DWWHVWHG
E\ WKH GHFUHDVHG RI WKH LQLWLDO FRQFHQWUDWLRQ  ȝJā /í  LQ WKH RYHUO\
LQJ ZDWHU WR DQ DYHUDJH RI  ȝJā /í  IRU WKH FRQWDPLQDWHG WUHDWPHQWV
^ &G ` 7KH VWURQJ DQG UDSLG DGVRUSWLRQ SURFHVV RI &G ZDV H[SODLQHG E\
WKH KLJK S+ FRQGLWLRQV 1 RI FDUERQDWH VHGLPHQW LQ WKH VDPSOLQJ
DUHD 1
JXHVVDQ HW DO  3RNURYVN\ HW DO   &G DGVRUSW LRQ
ZDV GHPRQVWUDWHG WR EH D IDVW SURFHVV 1RI WKH DGVRUSW LRQ WRRN
SODFH ZLWK LQ WKH ILUVW  P LQ 6DQWLOODQ0HGUDQR DQG -XULQDN  
,Q WKH SUHVHQFH RI RQO\ FDGP LXP )LJ $ SK\VLFDO SURFHVVHV RI &G
DGVRUSW LRQ RQ WKH VXUIDFH VHGLP HQW RFFXUUHG  DV LQGLFDWHG E\ WKH
UHFRUGHG SURILOHV REWDLQHG DIWHU  GD\V ,Q WKH DTXDWLF HQYLURQPHQW
FDGPLXP ZDV IRXQG GLVVROYHG LQ WKH SRUH ZDWHU RU DGVRUEHG RQ WR SDU
WLFOHV 0XVWDID HW DO  0ROHFXODU GLIIXVLRQ RI &G ZDV HVWLPDWHG
EHWZHHQ  DQG  FPā \HDUí  IRU WHPSHUDWXUH UDQJLQJ EHWZHHQ 
DQG  & 6KDFNHOIRUG DQG 'DQLHO  'HOPRWWH HW DO  7KH
PRELOLW\ DQG IDWH RI PHWDOV LQ WKH VHGLPHQW HQYLURQPHQW DUH GLUHFWO\
UHODWHG WR WKHLU SDUW LW LRQ LQJ EHWZHHQ IUHH DQG VROLG IUDFWLRQV
6DNXOWDQWLPHWKD HW DO   7KH SUHVHQFH RI WUDFH PHWDOV RQ WR WKH
VROLG SKDVH LV D UHVXOW RI SUHFLSLWDWLRQ ZLWK VXOILGHV  FRSUHFLSLWDWLRQ
Z LWK )H K\GUR[LGHV  DGVRUSWLRQ FRPSOH[DWLRQ WR VHGLPHQW FRPSR
QHQWV FOD\ P LQHUDOV RUJDQLF PDWWHU  WKRVH SURFHVVHV EHLQJ KLJKO\ S+
GHSHQGHQW /XNPDQ HW DO  DQG LQGLUHFWO\ DIIHFWHG E\ UHGR[ SRWHQ
WLDO (+ 'X /DLQJ HW DO   7KH HVWLPDWHG SDUWLWLRQ FRHIILFLHQWV .G
IRU &G UDQJHV IURP  WR  P/J DQG GHSHQGV RQ WKH S+ KHUH UDQJLQJ
IURP  WR  (3$   %HFDXVH LW LV VHQVLW LYH WR S+ WKH &G DGVRUSWLRQ
DQG GHVRUSWLRQ LQ WKH VHGLPHQW RI RXU P LFURFRVP GHSHQGV RQ S+ DQG
UHGR[ FRQGLWLRQ WKDW DUH VKRZQ WR YDU\ XQGHU ELRWXUEDWLRQ HIIHFWV LQ
WKH VHGLPHQW %UDGO  )X DQG $OOHQ   ,QGHHG WKH K\GURJHQ
LRQV DIIHFW WKH VXUIDFH FKDUJH RI WKH DGVRUEHQW WKH GHJUHH RI LRQL]DWLRQ
DQG WKH VSHFLDWLRQ RI WKH DGVRUEDWH /HH HW DO  ZKLFK H[SODLQV WKH
K LJK GHSHQGHQFH RI &G  ,, DGVRUSW LRQ RQ S+ 0RUHRYHU WKH PHWDO
DGVRSWLRQ LV DOVR GHSHQGDQW RQ WKH DFWLYH VXUIDFH RI VHGLPHQW SDUWLFOHV
*HUWK HW DO  1DLGX HW DO   WKH KLJKHU DGVRSWLRQ FDSDFLW\
RFFXULQJ ZLWK ODUJHU VSHFLILF VXUIDFH DUHD /MXQJ HW DO  RI VHGL
PHQW Z LWK ILQH SDUWLFOH VL]H *RQJ HW DO  6XWKHUODQG  7KH
DGVRUSWLRQ RI FDGPLXP RQWR ULYHUEHG VHGLPHQW ZDV UHSRUWHG WR UDQJH
IURP DW S+  WR DW S+  IRU WKH FRDUVHU VHGLPHQW IUDFWLRQ
   PP 3DOKHLURV HW DO  7KHVH SURFHVVHV OHDG WR KLJKHU
YDOXHV RI 5 LQ WKH ^&G`DQG ^&G7\S`SORWV  DQG  UHVSHFWLYHO\  7KH
7DEOH 
&DGPLXP WUDQVIHU IDFWRUV DQG HQULFKPHQW FRHIILFLHQWV IRU URRW (&5 DQG OHDI SDUWV (&/ RI 7\SKD ODWLIROLD IRU WKH ILHOG VDPSOH W  í  DQG LQ WKH GLIIHUHQW FRQGLWLRQV DW WKH EHJLQQLQJ W  
DQG DW WKH HQG W   RI WKH H[SHULPHQW
7UHDWP HQWV (&5/ (&5/ (&// (&// 7)
)LHOG VDPSOH  W  í  Q       
W   Q                 
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Q  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Q  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  D   D
3 YDOXH WZRZD\ $129$
&DGP LXP HQULFKPHQW QV ƒƒ QV QV QV
7XELILFLGV DGGLWLRQ ƒ QV QV QV QV
,QWHUDFWLRQ ƒ ƒ QV QV QV
9DOXHV DUH PHDQV  6' Q   SHU WUHDWPHQW JURXS GLIIHUHQW VXSHUVFULSW OHWWHUV LQGLFDWH VLJQLILFDQW GLIIHUHQFHV IRU (&5 EHWZHHQ WUHDWPHQWV DW W   DVVHVVHG VHSDUDWHO\ DW WKH WZR
GLIIHUHQW VHGLPHQW OD\HUV / DQG / 7XNH\ +6' WHVWV   DQG  LQGLFDWH WKH VLJQLILFDQFH RI ) YDOXHV DW 3   DQG  UHVSHFWLYHO\ DFFRUGLQJ WR WZRZD\ $129$
)LJ  (QULFKPHQW FRHIILFLHQWV IRU WKH URRWV (&5 RI 7\SKD ODWLIROLD DW WZR GLIIHUHQW VHGLPHQW OD\HUV $ / % / 9DOXHV DUH PHDQV  6' Q   SHU WUHDWPHQW JURXS H[FHSW IRU WKH
ILHOG VDPSOH Q     LQGLFDWHV VLJQLILFDQW GLIIHUHQFHV EHWZHHQ D JLYHQ WUHDWPHQW DW W   DQG WKH LQ LW LDO (&5 YDOXH 'XQQHWW WHVW  'LIIHUHQW VXSHUVFULSW OHWWHUV LQGLFDWH VLJQLILFDQW
GLIIHUHQFHV IRU (&5 EHWZHHQ WUHDWPHQWV DW W   DVVHVVHG VHSDUDWHO\ DW WKH WZR VHGLPHQW OD\HUV 7XNH\ +6' WHVW  6HH 7DEOH  IRU WKH PHDQLQJ RI DFURQ\PV FRUUHVSRQGLQJ WR WKH
GLIIHUHQW WUHDWPHQWV
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GHSRVLWLRQ RI &G IURP WKH RYHUO\LQJ ZDWHU ZDV WKXV SRVVLEOH LQ WKH VXU
IDFH VHGLPHQW ZKHUH DERXW RI &G ZDV WUDSSHG GXH WR KLJKHU S+ FRQ
GLWLRQV %UDGO  Z LWK WKH YDOXH RI    LQ WKH VXUIDFH
VHGLPHQW )LJ  
,Q WKH WUHDWPHQW ZLWK WXELILFLGV DQG ZLWKRXW &G DGGLWLRQ  7^XE`DQG
^7\S7XE` XQLWV )LJ %  D VLJQLILFDQW LQFUHDVH RI WKH FDGPLXP FRQFHQ
WUDWLRQ LQ / ZDV FORVHO\ UHODWHG WR ELRWXUEDWLRQ SKHQRPHQRQ DQG
OLQNHG WR WKH FKDQJH RI WH[WXUH  WR RI ILQH SDUW LFOH LQ WKH
WRS OD\HU 7DEOH   DQG SK\VLFRFKHP LVWU\ RI WKH HQYLURQPHQW E\
ZRUPV HIIHFWV $ VLP LODU HIIHFW ZDV SUHYLRXVO\ PHQWLRQQHG E\ &LXWDW
HW DO  ZKR REVHUYHG WKH UHPRELOL]DWLRQ DQG ELRDYDLODELOLW\ RI FDG
P LXP IURP KLVWRULFDOO\ FRQWDPLQDWHG VHGLPHQW 7KDW WKH &G HQULFKPHQW
LQ WK LV OD\HU LV WKH UHVXOW RI WKH DFFXPXODWLRQ RI ILQH IUDFWLRQ PDGH RI
UHMHFWHG IHDFDO SHOOHWV ZK LFK KDYH D IUHH VXUIDFH DUHD ODUJHU WKDW WKH
FRDUVH SDUWLFOHV 7KLV ZDV HYLGHQFHG E\ WKH LQFUHDVH RI &G FRQFHQWUDWLRQ
LQ WK LV OD\HU DQG RI 5YDOXHV  DQG  LQ 7^XE`DQG ^7\S7XE`XQLWV UH
VSHFWLYHO\  7KHVH UHVXOWV ZHUH LQ DJUHHPHQW ZLWK SUHYLRXV VWXGLHV WKDW
VKRZHG KRZ WXELILFLGV ELRWXUEDWLRQ FKDQJHV WKH GLVWULEXWLRQ RI PHWDOV
LQ WKH VHGLPHQW FROXPQ DV ZHOO DV WKH FKHP LFDO VSHFLDWLRQ LQ SRUH ZD
WHUV &LXWDW HW DO   3HWHUVRQ HW DO  
,Q VHGLPHQW LQKDELWHG E\ WXELILFLGV &LXWDW HW DO  DQG  DOVR
REVHUYHG FDGPLXP DVVRFLDWHG ZLWK WKH IDHFDO SHOOHWV LQ WKH VXUIDFH OD\HU
ZKRVH PHDQ JUDLQ VL]H ZDV  ȝP LQ GLDPHWHU DQG LQFOXGLQJ RI SDU
WLFOHV E ȝP LQ GLDPHWHU 7KXV UHGLVWULEXWLRQ RI WKH VHGLPHQW SDUWLFOHV
E\ ELRWXUEDWLRQ OHDGV WR D YHUWLFDO FKDQJH LQ LWV JUDLQ VL]H DQG WKH UHGR[
FRQG LW LRQV LQ WKH VHGLP HQW OD\HUV ZKHUH WKH WXELILFLG ZRUPV DFW
7DEOH  0F&DOO DQG )LVKHU  0RUHRYHU WXELILFLGV WKURXJK WKHLU
DFW LYLW\ FRQ WLQXRXVO\ UHQHZ DQR[LF VHGLPHQW SDUW LFOHV FRP LQJ IURP
WKH GHSWK WR WKH VHGLPHQW VXUIDFH &LXWDW HW DO D:H GHPRQVWUDW
HG KHUH WKDW WXELILFLGV LQIOXHQFHG VLJQLILFDQWO\ WKH PHDQ JUDLQ VL]H RI
VHGLPHQW SDUWLFOHV LQ WKH ELRWXUEDWLRQ OD\HU DQG KRZ WKLV P LJKW DIIHFW
&G HQULFKPHQW 7DEOH   ,Q WKH FDVH RI FDGPLXP HQULFKPHQW JUDLQ
VL]H DOVR HQFUHDVHG VLJQLILFDQWO\ LQ WKH ILUVW OD\HU LQGLFDWLQJ WKDW HFRORJ
LFDO HQJLQHHULQJ E\ ELRWXUEDWLRQ LV DFWLYH HYHQ XQGHU VXFK OHYHO RI WKH
PHWDO FRQWDP LQDWLRQ
7KH VDPH ZRUPV
 LQIOXHQFH LQ DGGLWLRQ WR WKH SK\VLFRFKHPLFDO SUR
FHVVHV RI DGVRSWLRQ DQG PROHFXODU GLIIXVLRQ ZDV REVHUYHG LQ DOO WUHDW
PHQWV Z LWK ZRUPV DQG &G DGGLW LRQ ^&G7XE` DQG ^&G7\S7XE ` DV
LQGLFDWHG WKH KLJKHVW YDOXHV RI 5 DQG  UHVSHFWLYHO\ 7KLV SKHQRP
HQRQ PDLQO\ UHVXOWV IURP LQJHVWLRQ RI DQR[LF VHGLPHQW DW GHSWK E\ WXEL
ILFLGV :KHQ WKLV VHGLPHQW UHDFKHV WKH VXUIDFH WKH UHGR[ FRQGLWLRQ RI
WKH QHZ O\ DUULYHG VHGLP HQW LV IDYRULQJ WKH DGVRSWLRQ ZLWK FRQVH
TXHQFHV RQ WKH VROLGOLTXLG SDUW LW LRQQLQJ RI &G 7KXV WKH DGVRSWLRQ
WKDW ZDV REVHUYHG LQ WKH VXUIDFH OD\HU RI DELRWLF SORWV LV LQFUHDVHG E\
WKH ELRWXUEDWLRQ HIIHFW WKDW FRQWLQXRXVO\ VXSSOLHV WKH VHGLPHQW VXUIDFH
ZLWK QHZ DQDHURELF VHGLPHQW ZLWK ORZ &G FRQFHQWUDWLRQV
/LNHO\ WKH HIIHFW RI WXELILFLGV RQ &G SDUWLW LRQQLQJ FRXOG IDYRU WKH
WUDSSLQJ RI &G IURP WKH RYHUO\LQJ ZDWHU LQWR WKH WRS OD\HU PDGH RI IHDFDO
SHOOHWV 7KH ELRDGYHFWLRQ HYLGHQFHG E\ OXP LQRSKRUHV FRXOG WUDQVSRUW
VXUIDFH VHGLPHQW ZLWK DVVRFLDWHG &G DW GHSWK XQWLO WKH ERWWRP RI WKH LQ
JHVWLRQ ]RQH HVWLPDWHG WR EH  RU  FP LQ DYHUDJH IURP SUHYLRXV VWXGLHV
&LXWDW HW DO  'HOPRWWH HW DO   7KH PHWDO DFFXPXODWLRQ LQ
WKH QHZ OD\HU RI IDHFDO SHOOHWV PD\ WKHUHIRUH EH H[WHQGHG GHHSHU
WKDQ / EXW WKH FKRLFH RI KDYLQJ WKH VHFRQG OD\HU WKLFNQHVV IURP  WR
 FP KDV OLP LWHG WKLV REVHUYDWLRQ 7KLV EXULDO RI FRQWDP LQDQWV LV VXSSO\
LQJ WKH YLFLQLW\ RI WKH SODQW URRW V\VWHP ZLWK &G
$W GHSWK  ZKHQ ZRUPV DUH SUHVHQW D ORZHU S+ )LJ   DQR[LF FRQ
GLWLRQV DQG KLJKHU UHGR[ SRWHQWLDO PD\ DOVR IDYRU WKH GHVRUSWLRQ RI &G
LQWR WKH SRUH ZDWHU 7KH UHOHDVH G\QDP LFV DQG PRELOL]DWLRQ RI &G LQ D
ZDWHU VDWXUDWHG VHGLPHQW DSSHDUHG WR EH SRVLWLYHO\ UHODWHG WR UHGR[ SR
WHQWLDO (+ DV JRYHUQHG E\ WKH EHKDYLRXU RI GLVVROYHG RUJDQLF FDUERQ
DQG 62í FRQFHQWUDWLRQV XQGHU R[LGL]LQJ FRQGLWLRQV 5LQNOHEH HW DO
 6KDKHHQ HW DO   ZKLOH S+ FRPPRQO\ VKRZV D QHJDWLYH UHOD
W LRQ Z LWK GLVVROYHG &G 5LQNOHEH HW DO   *HQHUDOO\ PHWDO FDWLRQV
DUH UHOHDVHG IURP RUJDQLF PDWWHU DQG RWKHU VRUEHQWV VXFK DV FOD\ P LQHU
DO VXUIDFHV ZKHQ S+ GHFUHDVH 'X /DLQJ HW DO  )URKQH HW DO  
7KLV FRQWULEXWHG WR LQFUHDVLQJ WKH &G PRELOLW\ DQG WKXV ELRDYDLODELOLW\
/HH HW DO  :DQJ HW DO  LQ WKH GHHSHU OD\HUV %\ FKDQJLQJ
WKH ZDWHUVHGLPHQW UDWLR UHGR[ FRQGLWLRQV LQ WKH VHGLPHQW $QVFKXW]
HW DO   DQG WKH SK\VLFRFKHP LFDO FRQGLWLRQV RI WKH VHGLPHQW
 VXUIDFH DUHD R[LGDWLRQ  RUJDQLF PDWWHU GLJHVWLRQ HWF 0F&DOO DQG
)LVKHU  .ULVWHQVHQ HW DO  6LPSVRQ DQG %DWOH\   WKH
SUHVHQFH RI WXELILFLGV LQFUHDVHG DPPRQLD FRQFHQWUDWLRQV LQ LQWHUVWLWLDO
ZDWHU .LNXFKL DQG .XULKDUD  OHDGLQJ WR D GHFUHDVH RI S+ JUDGLHQW
LQ WKH VHGLPHQW )LVKHU DQG 0DWLVRII  )X DQG $OOHQ   &RQVH
TXHQ WO\ PHWDO VROXELOLW\ 3UREVW HW DO  DQG VSHFLDWLRQ &LXWDW
HW DO   :HLV DQG :HLV  LQFUHDVHG DW GHSWK DV D FRQVH
TXHQFH RI VKLIWLQJ UHGR[ FRQGLWLRQV 'X /DLQJ HW DO   )LQDOO\ HYHQ
LI QRW FRQVLGHUHG LQ WKLV VWXG\ LW FDQ DOVR EH VXSSRVHG WKDW &G P LJKW
FRPSHWH Z LWK RWKHU PHWDOV SUHVHQW LQ WKLV ³QDWXUDO´ ILHOG VHGLPHQW LQ
WHUP RI DGVRUSWLRQ GHVRUSWLRQ DQG FRPSOH[DWLRQ SURFHVVHV ZKLFK
P LJKW LQIOXHQFH &G EHKDYLRXU DQG RWKHU SK\VLFRFKHPLFDO SDUDPHWHUV
/LDR HW DO  
7KH DEVHQFH RI LQWHUDFWLRQ EHWZHHQ FDGPLXP HQULFKPHQW DQG WXEL
ILFLGV DGGLW LRQ  WKUHHZD\ $129$ 7DEOH  LQGLFDWHG WKDW WKH HIIHFWV RI
ZRUPV ELRWXUEDWLRQ RQ &G FRQFHQWUDWLRQ LQ VHGLPHQW QRW GHSHQG RQ
&GHQULFKHG RU QRW  ,Q WKH DEVHQFH RI &GHQULFKHG ELRWXUEDWLRQ
LQIOXHQFH OLQNHG WR WKH FKDQJH RI VHGLPHQW WH[WXUH RQ &G SDUWLWLRQQLQJ
LV VWLOO H[LVWLQJ LQ ^7XE` DQG ^7\S7XE` SORWV )LJ % GXH WR WKH
DPRXQW RI &G WKDW ZDV DYDLODEOH LQ WKH VHGLPHQW EHIRUH VWDUWLQJ WKH H[
SHULPHQW  WKH &G FRQFHQWUDWLRQV UDQJHG IURP    WR  
 ȝJJí  GU\ ZW  7KH HIIHFW RI ZRUPV ZDV VLPLODU ZKHQ FRPELQHG
ZLWK &GHQULFKHG  WKH WUHDWPHQ WV ^&G7XE` DQG ^&G7\S7XE ` LV
LQWHUSUHWHG E\ WKH DVVXPSWLRQ RI WXELILFLGV
 WROHUDQFH WR PHWDO WR[LFLW\
&LXWDW HW DO E 
 3K\WRUHPHGLDWLRQ SRWHQWLDO ZLWK ELRWXUEDWLRQ
7KH YDOXHV RI &G FRQFHQWUDWLRQ LQ 7\SKD ODWLIROLD SODQWV )LJ  ZHUH
LQ DJUHHPHQW ZLWK SUHYLRXV VWXGLHV DV ZHOO DV WKH RYHUDOO WUHQG RI FDG
P LXP DQG DOPRVW RWKHU PHWDOV LQ WKH GLIIHUHQW RUJDQV  URRWV 1 OHDIV
.OLQN HW DO  3DQGH\ HW DO  6DVPD] HW DO  6LQJK
HW DO   2XU VWXG\ VKRZHG KLJKHU &G FRQFHQ WUDWLRQV LQ URRWV RI
WKH FRQWDP LQDWHG WUHDWPHQWV ^&G7\S` DQG ^&G7\S7XE ` WKDQ WKRVH
RI SODQWV JURZ LQJ LQ WKH XQFRQ WDP LQDWHG P LFURFRVPV  ^7\S` DQG
^7\S7XE` DOWKRXJK WKH GLIIHUHQFH LQ ERWK FDVHV ZDV RQO\ VLJQLILFDQW
IRU RQH RI WKHP ± ^&G7\S7XE` XQLW )LJ $ 6XFK D SDWWHUQ ZDV DOVR
UHSRUWHG E\ 6LQJK HW DO  IRU &G DV ZHOO DV RWKHU PHWDOV ,W LV ZHOO
NQRZQ WKDW 7\SKD ODWLIROLD KDV D GHQVH URRW PDW OHDGLQJ WR D KLJK HIIHF
WLYH UKL]RVSKHUH VXUIDFH DUHD ZKLFK IDYRUV PHWDO XSWDNH 3DQGH\ HW DO
  )RU PDQ\ SODQWV JURZLQJ LQ PHWDO FRQWDPLQDWHG VRLOV URRWV DUH
WKH VSHFLILF PHWDO VWRUDJH FRPSDUWPHQW ZKLFK DFWV DV D EDUULHU WR SUH
YHQW PHWDO WUDQVIHU WR WKH XSSHU SDUWV 3UREVW HW DO  /LX HW DO
 
7KH HQULFKPHQW IRU WKH URRWV ZDV HQKDQFHG ZKHQ ERWK FDGP LXP
DQG WXELILFLGV ZHUH RFFXUULQJ WRJHWKHU LQ FRPSDULVRQ Z LWK WKH RWKHU
WUHDWPHQWV ZLWKRXW WXELILFLGV 7KH VLJQLILFDQW HIIHFWV RI FDGPLXP LQ LQ
WHUDFWLRQ ZLWK WXELILFLGV IRU &G FRQFHQWUDWLRQV LQ WKH URRWV )LJ $ DQG
7DEOH  LQGLFDWHG WKDW ELRWXUEDWLRQ JHQHUDWHG E\ ZRUPV LV IDYRULQJ
WKH SK\WRUHPHGLDWLRQ 7KLV SKHQRPHQRQ LV RQO\ HIILFLHQ W LI WXELILFLGV
WUDQVIHU WKH FDGP LXP WR GHHSHU OD\HUV LQ WKH VHGLPHQW FROXPQ ZLWK D
IOX[ WKDW LV LPSRUWDQW HQRXJK WR FKDQJH WKH FRQFHQWUDWLRQ LQ WKH URRWV
RI 7 OD WLIROLD  7KLV DOVR FRQILUP HG WKDW WKH GHSWK RI WKH ELRWXUEDWHG
OD\HU ZDV GHHS HQRXJK WR FRUUHVSRQG WR WKH GHSWK RI WKH URRW V\VWHP
WKDW ZDV HVWLPDWHG WR UDQJH IURP  WR  FP  7KH ELRLQJHVWLRQ ]RQH
VKRXOG JHW GHHSHU LQ WKH VHGLPHQW FROXPQ ZLWK WLPH ZKHQ WKH
WXELILFLGV SRSXODWLRQ LQFUHDVHV LQ ELRPDVV DQG RUJDQLVPV VL]H 7KLV
H[WHQWLRQ RI WKH ELRLQJHVWLRQ ]RQH VKRXOG DOORZ WKH EXULDO RI FRQWDPL
QDQWV FRPLQJ IURP WKH RYHUO\LQJ ZDWHU LQ DQ H[WHQGHG ELRWXUEDWHG VHG
LPHQW GRZQ WR  FP   FP  DQG HYHQ  FP DIWHU   DQG  GD\V
UHVSHFW LYHO\ &LXWDW HW DO   7K LV YHUWLFDO H[WHQ WLRQ RI WKH
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ELRWXUEDWLRQ ]RQH VKRXOG DOVR IDYRU WKH DFFHVV WR ELRDYDLODEOH &G LQ WKH
HQYLURQPHQW RI DQ H[WHQGLQJ URRW V\VWHP LQ WKH VHGLPHQW FROXPQ
(QULFKPHQW FRHIILFLHQWV IRU SODQW URRWV DQG YHJHWDWLYH SDUWV (&5DQG
(&/ UHVSHFWLYHO\ 7DEOH  LQGLFDWHG WKH VHGLPHQWWRSODQW PRELOLW\ RI
WKH PHWDO HOHP HQW DV ZHOO DV SODQW DFFXPXODWLRQ FDSDFLW\ IRU
SK\WRUHPHGLDWLRQ SXUSRVH 7KHVH LQGH[HV GHSHQG QRW RQO\ RQ ERWK
FKDUDFWHULVWLFV RI SODQ W VSHFLHV RU SODQW SDUWV DQG SK\VLFRFKHP LFDO
SURSHUW LHV RI VHGLPHQW PDWUL[ EXW DOVR WKH QDWXUH RI PHWDO HOHPHQWV
$QWRQLDGLV HW DO   0HWDOV Z LWK KLJK S.YDOXHV WHQG WR KDYH WKH
KLJKHU PRELOLW\ LQ WKH VHGLPHQWWRSODQW V\VWHP  LH &G   1L
  &R   =Q  $QWRQLDGLV HW DO   $YDLODELOLW\ RI 3+(V
WR SODQW URRWV LV FRQVLGHUHG DV WKH NH\ IDFWRU OLP LWLQJ WKH HIILFLHQF\ RI
SK\WRH[WUDFW LRQ )HOL[   3ODQWV RQO\ XSWDNHDFFXPXODWH PHWDOV
LQ VROXEH ELRDYDLODEH IRUP V DV IUHH PHWDO LRQV VROXEH PHWDO FRP 
SOH[HV RU DGVRUEHG IRUP WR LQRUJDQLF VRLO FRQVWLWXHQWV 6KHRUDQ HW DO
  ,Q RXU VWXG\ VLJQLILFDQW KLJKHVW (&5 YDOXHV LQ OD\HU / LQ WKH FRQ
GLWLRQ ^7\S&G7XE`DW W   7DEOH  SURYLGHG HYLGHQFH RI DQ HIIHFWLYH
LPSURYHPHQW RI FDGP LXP ELRDYDLODELOLW\ DQG WKXV ELRDFFXPXODWLRQ LQ
WKH SODQW
V URRW XQGHU WKH LQIOXHQFH RI WXELILFLGV ELRWXUEDWLRQ 7KHUHIRUH
WKLV UHVXOW GHPRQVWUDWHG WKDW ELRWXUEDWLRQ SOD\V D VLJQLILFDQW UROH RQ WKH
PRGLILFDWLRQ RI SK\VLFRFKHP LFDO SURSHUWLHV RI WKH VHGLPHQW PDWUL[
ZKLFK LQIOXHQFHV RQ FDGPLXP ELRDFFXPXODWLRQ HIILFLHQF\ &G FRQFHQ
WUDWLRQ LQ WKH GHHSHU OD\HU RI WKH ELRWXUEDWHG ]RQH / LV QRW VR LPSRU
WDQW VLQFH PRUH &G HIIHFWLYHO\ DUULYHG LQ WR WKLV OD\HU GXH WR WXELILFLGV
ELRWUDQVSRUW EXW WKH &G LV VWLPXOWDQHRXVO\ UHPRYHG E\ SODQW URRWV LQ
WKLV KRUL]RQ
7KHVH UHVXOWV DOVR GHPRQVWUDWHG WKDW ELRWXUEDWLRQ LV DEOH WR FUHDWH
FKDQJHV LQ VHGLPHQW SURSHUWLHV WKDW HQKDQFH PHWDO ELRDFFXPXODWLRQ LQ
7 ODWLIROLD URRWV ZKHQ FDGPLXP DGGLWLRQ RFFXUV IURP WKH RYHUO\LQJ
ZDWHU :RUPV ZHUH LQGHHG DEOH WR UHVLVW WR &G FRQWDP LQDWLRQ DQG WR
PDLQWDLQ D VLJQLILFDQW ELRWXUEDWLRQ DFWLYLW\ LQ FRQWDPLQDWHG VHGLPHQW
(FRORJLFDO HQJLQHHUV VKRXOG EH DEOH WR KDQGOH WR[LFLW\ RI WKH HQYLURQPHQW
ZKHUH WKH\ DUH VXSSRVHG WR SDUWLFLSDWH DW WKH ELRUHPHGLDWLRQ SURFHVV
2XU UHVXOWV RQ WKH ELRWXUEDWLRQ HIIHFW RQ &G LQFRUSRUDWLRQ DQG
SDUWLW LRQ LQJ LQ WKH VHGLPHQW DFFRUGLQJ WR GHSWK DUH LQ DJUHHPHQW ZLWK
SUHYLRXV UHVHDUFK VWXGLHV Z LWK WXELILFLGV SRSXODWLRQV $QVFKXW] HW DO
 &LXWDW HW DO   *HULQR HW DO  7KRVH VWXGLHV GHPRQ
VWUDWHG FRPSOHPHQWDU\ HIIHFWV RI ELRWXUEDWLRQ E\ WKLV LQYHUWHEUDWH VSH
FLHV RQ WKH SK\VLFRFKHPLFDO SURSHUWLHV RI VHGLPHQW 7KH RULJLQDOLW\ RI
WKH UHVXOWV IURP WKH SUHVHQW VWXG\ UHOLHV RQ WKH SRVLWLYH LQIOXHQFH RI WKH
ELRWXUEDWLRQ RQ SK\WRUHPHGLDWLRQ SHUIRUPDQFH :H GHPRQVWUDWHG KHUH
WKDW WXELILFLGV FUHDWH D ELRORJLFDO EXULDO RI VHGLPHQW DQG LQFRUSRUDWHG
FRQWDPLQDQW VXFK &G WKDW UHQHZV WKH SROOXWDQW ORDGV LQ WKH LPPHGLDWH
HQYLURQPHQW RI SODQWV
 URRW V\VWHP &RQVHTXHQWO\ DW GHSWK PHWDO SDVV
LQJ IURP ERXQG WR VROXEOH IRUPV IURP VHGLPHQW WR SRUH ZDWHU &LXWDW
HW DO D RFFXUV DQG WKXV SURPRWHV WKH DEVRUSWLRQ E\ SODQWV :HLV
DQG :HLV  DV ZHOO DV HQKDQFHV WKH HIILFLHQF\ RI SK\WRUHPHGLDWLRQ
7) LV DQ LPSRUWDQW DVVHW WR UHFRJQL]H WKH SK\WRVWDELOL]DWLRQ SRWHQWLDO
SUHYHQWLQJ WKH ODWHUDO RU YHUWLFDO PLJUDWLRQ RI WR[LF PHWDOV E\ OHDFKDWLQJ
RI WKH GHVLUHG SODQW 0D HW DO  7)YDOXH E PHDQV WKDW D SODQW KDV
SRRU WUDQVORFDWLRQ HIILFLHQF\ RI PHWDOV IURP URRW WR UKL]RPH RU IURP WKH
UKL]RPH WR OHDI DQG FDQ EH XVHG SUHIHUHQWLDOO\ IRU SK\WRVWDELOL]DWLRQ
SXUSRVHV *DUED HW DO  0HQGH] DQG 0DLHU  7KH ORZ YDOXHV
RI 7) REVHUYHG IRU DOO &GWUHDWHG VDPSOHV DW W   ^&G7\S` DQG
&^G7\S7XE ` 7DEOH  LQGLFDWHG WKDW 7 ODWLIROLD KDV D SRRU WUDQVORFDWLRQ
HIILFLHQF\ RI &G IURP LWV URRWV WR LWV XSSHU SDUWV ,W PD\ DOVR KDSSHQ D QRQ
SURSRUWLRQDO WUDQVORFDWLRQ LQ WR WKH XSSHU SDUWV Z LWK WKLV &G EHKDYLRXU
EHLQJ SUHYLRXVO\ REVHUYHG ZKHQ SODQWV DUH JURZQ RQ FRQWDPLQDWHG VXE
VWUDWHV E\ FRPSDULQJ ZLWK QDWXUDO EDFNJURXQG VXEVWUDWH FRQGLWLRQV
3UREVW HW DO  7KHVH UHVXOWV DUH LQ DJUHHPHQW ZLWK SUHYLRXV VWXGLHV
WKDW DOGUHDG\ VKRZHG WKH ORZ YDOXH RI 7)JLYHQ E\ 7 ODWLIROLD 6DVPD] HW DO
 UHSRUWHG WKH (&5DQG 7) IDFWRUV RI 7 ODWLIROLD FROOHFWHG IURP SROOXW
HG VLWHV E\ :DWHU 7UHDWPHQ .HKOL 6WUHDP (OD]LJ 7XUNH\ UDQJLQJ IURP
 WR  DQG IURP  WR  UHVSHFWLYHO\ $FFRUGLQJ WR 3UREVW 	
*XLOORX[  LQ SUHS 7 ODWLIROLD SODQWV FROOHFWHG IURP QDWXUDO EDFNJURXQG
VHGLPHQW SUHIHUHQWLDOO\ VWRUH &G &U 3E $V DQG 8 LQ URRWV WKDQ LQ WKHLU
XSSHU SDUWV  OHDYHV VWHPV 7) IDFWRUV ˵   7KLV LV DOVR FRQILUPHG E\
3DQGH\ HW DO  VWXG\ ZKHUH 7) YDOXHV RI 7 ODWLIROLD JURZLQJ LQ
IORRGHG DQG QRQIORRGHG DUHDV ZHUH ORZHU WKDQ  IRU DOO PHWDOV H[FHSW
0Q
2XU VWXG\ LQGLFDWHG WKDW 7 ODWLIROLD KDV DQ LPSRUWDQW FDSDFLW\ WR DF
FXPXODWH FDGPLXP LQ URRWV DQG LWV DELOLW\ WR FRQFHQWUDWH WKH PHWDO LV
HQKDQFHG XQGHU ELRWXUEDWLRQ SURFHVV $OWKRXJK WKH WUDQVSRUWDWLRQ RI
FDGPLXP WR WKH OHDYHV LV QRW VR KLJK LQ VRPH FDVHV WKH DEVROXWH TXDQ
WLW\ RI PHWDO VWRUHG LQ OHDI SDUWV P LJKW EH KLJKHU WKDQ LQ WKH URRW V\VWHP 
HYHQ LI UHODWLYH FRQFHQWUDWLRQV DUH QRW VLJQLILFDQWO\ GLIIHUHQW GXH WR WKH
PDLQ DGYDQWDJH RI WKLV ULSDULDQ SODQW RI KDYLQJ D KLJK ELRPDVV RI DERYH
SDUWV  OHDYHV VWHDPV FRPSDUHG WR WKH URRW V\VWHP 3UREVW 	*XLOORX[
LQ SUHS
 &RQFOXVLRQ
2XU SUHOLP LQDU\ H[SHULPHQW UHSURGXFHV ILHOG FRQGLWLRQV ZKHUH ELR
WXUEDWLRQ FDXVHG E\ WXELILFLG ZRUPV
 DFWLYLWLHV LQ WKH SUHVHQFH RI SODQWV
IROORZV WKH ELRFRQYH\LQJ WUDQVSRUW PRGHO Z LWK VLJQLILFDQ W
ELRDGYHFWLYH UDWHV 7KLV QDWXUDO SURFHVV LV VWLOO HIILFLHQW XQGHU FDGPLXP
FRQWDP LQDWLRQ RI  ȝ/í  LQ WKH RYHUO\LQJ ZDWHU 7KH SUHVHQW VWXG\
VXJJHVWV WKDW ELRWUDQVSRUW HQKDQFHG FDGPLXP SXPSLQJ IURP WKH VXU
IDFH WR GHHSHU DQR[LF VHGLPHQW OD\HUV PRGLILHG WKH GLVWULEXW LRQ DQG
VSHFLDWLRQ RI FDGPLXP LQ WKH VHGLPHQW FROXPQ WKHUHE\ LQFUHDVLQJ WKH
ELRDFFXPXODWLRQ SRVVLELOLW\ E\ 7\SKD OD WLIROLD ,W ZDV GHPRQVWUDWHG
KHUH WKDW ELRWXUEDWLRQ LPSURYHV WKH SK\WRUHPHGLDWLRQ E\ WKH SODQW 
V
URRW V\VWHP ,QGHHG PRUH LQYHVWLJDWLRQV VKRXOG EH GRQH VXFK DV PHWDO
SDUW LW LRQ LQJ DPRQJ WKH SKDVHV DQG PRUH SUHFLVH GHSWK GHILQLWLRQ LQ
WKH ELRWXUEDWLRQ HIIHFW DQG URRW V\VWHP %HVLGHV WKH HIILFLHQF\ RI ELRWXU
EDWLRQ RQ SK\WRUHPHGLDWLRQ SURFHVVHV FRXOG EH WHVWHG ZLWK GLIIHUHQW
FDGPLXP FRQWDPLQDWLRQ OHYHOV WR ILQG WKH OLPLW RI WKH ZRUPV
 HIILFLHQF\
DV HFRORJLFDO HQJLQHHUV FDQ WROHUDWH 7KH FRPSDULVRQ RI &G ELRDFFXPXOD
W LRQ LQ 7 OD WLIROLD Z LWK DQG ZLWKRXW WXELILFLGV LQIOXHQFH SHUP LW WHG WR
HVWLPDWH WKH SRVLWLYH DQG FRPSOHPHQWDU\ LQIOXHQFHV RI EHQWKLF IDXQDO
ELRWXUEDWLRQ FRPELQHG ZLWK SK\WRUHPHGLDWLRQ 7KLV ILUVW SUHOLP LQDU\
DQG PXOWLGLVFLSOLQDU\ H[SHULPHQ W ZDV SRVLWLYH HQRXJK RQ WKH
DGYDQWDJHV RI WKH FRXSOLQJ VWUDWHJ\ EHWZHHQ ELRWXUEDWLRQ DQG
SK\WRUHPHGLDWLRQ WR RSHQ WKH GRRU IRU IXUWKHU HVWLPDWLRQ RI ELRGLYHUVL
W\ LQIOXHQFH RQ FDGPLXP IOX[HV IURP RYHUO\LQJ ZDWHU WR VHGLPHQW DQG
IURP VHGLPHQW WR SODQWV 7KLV VWXG\ VKRXOG EH FDUULHG RXW YLD D ZKROH
PHWDO EXGJHW LQ WKH GLIIHUHQW H[SHULPHQWDO FRPSDUWPHQWV RYHUO\LQJ
ZDWHU SRUH ZDWHU DQG VHGLPHQW ZRUPV URRWV DQG OHDYHV DV SDUWV RI
WKH SODQWV $GGLWLRQDOO\ IXUWKHU UHVHDUFK LV UHTXLUHG WR YHULI\ WKH RE
VHUYHG PRELOL]DWLRQ NLQHWLFV RI &G ZLWK QDWXUDO ZDWHU DQG VHGLPHQW FRQ
WDP LQDWHG ZLWK &G XQGHU ILHOG FRQGLW LRQV ,Q SDUW LFXODU WKH UROH RI
ELRWXUEDWLRQ RQ (+ S+ DQG RWKHU JRYHUQLQJ IDFWRUV FKDQJHV  LH '2&
0Q )H 62í   WKXV DIIHFWLQJ &G VROXELOLW\ DQG XSWDNH LQ WKH IORRGHG V\V
WHPV VKRXOG EH HOXFLGDWHG PRUH SUHFLVHO\
$FNQRZOHGJHPHQWV
7KH DXWKRUV ZLVK WR WKDQN 0DULH-R 7DYHOOD (FR/DE IRU KHU KHOS LQ
SODQW DQG VHGLPHQW SUHSDUDWLRQ DQG LQ WKH FOHDQ URRP IRU GLVVROXWLRQ
VXUYH\ 'DYLG %DTXp (FR/DE DQG $XUpOLH /DQ]DQRYD *(7 203 IRU
DQDO\WLFDO PHDVXUHPHQWV RQ WKH ,&32(6 DQG ,&306 )UHGHULF -XOLHQ
(FR/DE IRU JUDQXORPHWULF DQDO\VLV DQG 6\ODLQ /DPRWKH (FR/DE IRU
KLV KHOS LQ WKH ILHOG7KLV ZRUN ZDV FDUULHG RXW ZLWK WKH ILQDQFLDO VXSSRUW
IURP WKH 18&2:6 SURMHFW  FRQWDFW WR 0 'LGLHU 2UDQJH VSRQVRUHG E\
WKH 8QLYHUVLW\ RI 6FLHQFH DQG 7HFKQRORJ\ RI +DQRL 867+ 7UXQJ .LHQ
+RDQJ ZDV VXSSRUWHG E\ D JUDQ W IURP WKH ³3URJUDPPH GH %RXUVHV
G
([FHOOHQFH GH O
$PEDVVDGH GH )UDQFH DX 9LHWQDP´ 
5HIHUHQFHV
$QGUHV 6 %DXGULPRQW 0 /DSDTXHOOHULH < 5LEH\UH ) 0DLOOHW 1 /DWRXFKH & %RXGRX
$  )LHOG WUDQVSODQWDWLRQ RI WKH IUHVKZDWHU ELYDOYH &RUELFXOD IOXPLQHD DORQJ D
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SRO\PHWDOOLF FRQWDP LQDWLRQ JUDGLHQW 5LYHU /RW )UDQFH  , *HRFKHPLFDO FKDUDFWHULV
WLFV RI WKH VDPSOLQJ VLWHV DQG FDGP LXP DQG ]LQF ELRDFFXPXODWLRQ NLQHWLFV (QYLURQ
7R[LFRO &KHP  ± K WWSVGRLRUJHWF
$QVFKXW] 3 &LXWDW  $ /HFURDUW 3 *pULQR 0 %RXGRX $  (IIHFWV RI WXELILFLG ZRUP
ELRWXUEDWLRQ RQ IUHVKZDWHU VHGLP HQW ELRJHRFKHP LVWU\ $TXDW *HRFKHP    
± KWWSVGRLRUJV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$QWRQLDGLV 9 /HYL]RX ( 6KDKHHQ 60 2N <6 6HEDVWLDQ  $ %DXP & 3UDVDG 019
:HQ]HO :: 5LQNOHEH -  7UDFH HOHPHQ WV LQ WKH VRLOS ODQ W LQ WHUIDFH
SK\WRDYDLODELOLW\ WUDQVORFDWLRQ DQG SK\WRUHPHGLDWLRQ±D UHYLHZ (DUWK 6FL 5HY 
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$XGU\ 6 6FKlIHU - %ODQF * -RXDQQHDX -0  )LIW\\HDU VHGLPHQWDU\ UHFRUG RI
KHDY\ PHWDO SROOXWLRQ &G =Q &X 3E LQ WKH /RW 5LYHU UHVHUYRLUV )UDQFH (QYLURQ
3ROOXW   ± KWWSVGRLRUJMHQYSRO
$XOLR .  6KRRW JURZ WK LQ 7\SKD DQJXVWLIROLD /  DQG 7\SKD OD WLIROLD /  LQ WKH
.RNHPlHQMRN L 5LYHU GHOWD ZHVWHUQ )LQODQG  ,QWHUQDWLRQDO /HWWHUV RI 1DWXUDO 6FL
HQFHV ,661 SS ±
%DUDQRY 9 /HZ DQGRZ VNL - 5RPHLMQ  3 6LQJHU * .UDXVH  6  (IIHFWV RI
ELRLUULJDWLRQ RI QRQELWLQJ PLGJHV 'LSWHUD &KLURQRPLGDH RQ ODNH VHGLPHQW UHVSL
UDWLRQ 6FL 5HS  -DQXDU\  KWWSGRLRUJVUHS
%DUFHOy - 3RVFKHQULHGHU &  3K\WRUHPHGLDWLRQ SULQFLSOHV DQG SHUVSHFWLYHV &RQWUL
EXWLRQV WR 6FLHQFH  ,QVWLWXW G 
(VWXGLV &DWDODQV %DUFHORQD SS ±
%UDGO +%  $GVRUSWLRQ RI KHDY\ PHWDO LRQV RQ VRLOV DQG VRLOV FRQVWLWXHQWV - &ROORLG
,QWHUIDFH 6FL  ± KWWSVGRLRUJMMFLV
%UHWRQ - /H &OqUH  . 'DQLHO & 6DXW\ 0 1DNDE / &KDVVDW  7 'HZXOI - 3HQHW  6
&DUQR\ & 7KRPDV 3 3RW % 1HVVOD\ ) )ROLJQp %  &KURQLF LQJHVWLRQ RI FDG
PLXP DQG OHDG DOWHUV WKH ELRDYDLODELOLW\ RI HVVHQWLDO DQG KHDY\ PHWDOV JHQH H[SUHV
VLRQ SDWKZ D\V DQG JHQRWR[LFLW\ LQ PRXVH LQ WHVW LQH $UFK  7R[LFRO   
± K WWSVGRLRUJV
%XU 7 3UREVW $ %LDQFR $ *DQGRLV / &URXDX <  'HWHUP LQLQJ FDGPLXP FULWLFDO
FRQFHQ WUDWLRQV LQ QDWXUDO VRLOV E\ DVVHVVLQJ &ROOHPEROD PRUWDOLW\ UHSURGXFWLRQ
DQG JURZ WK  (FRWR[LFRO (QYLURQ  6DI   ± K WWSV GRLRUJ
MHFRHQY
%\UQH & 'LYHNDU 6' 6WRUFKDQ  *% 3DURG L '$ 0DUW LQ  0%  &DGP LXP  D
PHWDOORKRUPRQH" 7R[LFRO $SSO 3KDUPDFRO   ± K WWSVGRLRUJ
MWDDS
&KHQJ - :RQJ 0+  (IIHFWV RI HDUWKZRUPV RQ =Q IUDFWLRQDWLRQ LQ VRLOV %LRO )HUWLO
6RLOV  ± KWWSVGRLRUJV]
&LXWDW $  ,PSDFW GH OD ELRWXUEDW LRQ GHV VpGLP HQ WV VXU OHV WUDQVIHUWV HW OD
ELRGLVSRQLELOLWp GHV PpWDX[  $SSURFKHV H[SpULPHQWDOHV /
XQLYHUVLWp GH %RUGHDX[ ,
eFROH
&LXWDW $ $QVFKXW] 3 *HULQR 0 %RXGRX $ D (IIHFWV RI ELRWXUEDWLRQ RQ FDGPLXP
WUDQVIHU DQG GLVWULEXWLRQ LQWR IUHVKZDWHU VHGLPHQWV (QYLURQ 7R[LFRO &KHP  
± K WWSV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&LXWDW  $ *HULQR 0 0HVPHU'XGRQV 1 $QVFKXW] 3 %RXGRX  $ E &DGP LXP
ELRDFFXPXODW LRQ LQ 7XELILFLGDH IURP WKH RYHUO\LQJ ZDWHU VRXUFH DQG HIIHFWV RQ
ELRWX UEDW LRQ  (FRWR[LFRO (QYLURQ  6DI   ± K W WSV GRLRUJ
MHFRHQY
&LXWDW  $ :HEHU 2 *pULQR 0 %RXGRX $  6WUDWLJUDSKLF HIIHFWV RI WXELILFLGV LQ
IUHVKZDWHU VHGLPHQWV D NLQHWLF VWXG\ EDVHG RQ ;UD\ LPDJHV DQG JUDLQVL]H DQDO\VLV
$FWD 2HFRO   ± K WWSVGRLRUJMDFWDR
&LXWDW $ *HULQR 0 %RXGRX $  5HPRELOL]DWLRQ DQG ELRDYDLODELOLW\ RI FDGPLXP IURP
KLVWRULFDOO\ FRQWDPLQDWHG VHGLPHQWV LQIOXHQFH RI ELRWXUEDWLRQ E\ WXELILFLGV (FRWR[LFRO
(QYLURQ 6DI  ± KWWSVGRLRUJMHFRHQY
'HOPRWWH 6 0H\VPDQ )-5 &LXWDW  $ %RXGRX $ 6DXYDJH 6 *HULQR 0  &DGPL
XP WUDQVSRUW LQ VHGLPHQWV E\ WXELILFLG ELRWXUEDWLRQ  DQ DVVHVVPHQW RI PRGHO FRP
SOH[LW\ *HRFKLP  &RVPRFKLP  $FWD   ± K WWSV  GRLRUJ
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'X /DLQJ * 5LQNOHEH - 9DQGHFDVWHHOH % 0HHUV ( 7DFN )0*  7UDFH PHWDO EH
KDYLRXU LQ HVWXDULQH DQG ULYHULQH IORRGSODLQ VRLOV DQG VHGLPHQWV D UHYLHZ 6FL 7RWDO
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 KWWSVGRLRUJMVFLWRWHQY
()6$  &DGPLXP GLHWDU\ H[SRVXUH LQ WKH (XURSHDQ SRSXODWLRQ (XU )RRG 6DI $X
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MHIVD
(JJHUPRQW + %DOLDQ  ( $]HYHGR -01 %HXPHU 9 %URG LQ  7 &ODXGHW  - )DG\ %
*UXEH 0 .HXQH + /DPDUTXH 3 5HXWHU . 6P LWK  0 +DP  &9 :HLVVHU ::
5RX[ ;/H  1DWXUHEDVHG VROXWLRQV QHZ LQIOXHQFH IRU HQYLURQPHQWDO PDQDJH
PHQW DQG UHVHDUFK LQ (XURSH (FRO 3HUVSHFW 6FL 6RF  ± KWWSGRLRUJ
KWWSG[GRLRUJJDLD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(3$  8QGHUVWDQGLQJ YDULDWLRQ LQ SDUWLWLRQ FRHIILFLHQW .G YDOXHV 8QLWHG 6WDWHV (Q
YLURQPHQWDO 3URWHFWLRQ $JHQF\ (3$ 5% 9RO  $XJXVW $YDLODEOH DW
K WWSVZZZHSDJRYVLWHVSURGXFWLRQILOHVGRFXPHQWVUESGI
(3$  $ FLWL]HQ
V JXLGH WR SK\WRUHPHGLDWLRQ 8QLWHG 6WDWHV (QYLURQPHQWDO 3URWHFWLRQ
$JHQF\ (3$ ) $YDLODEOH DW ZZZHSDJRYVLWHVSURGXFWLRQ ILOHV
GRFXPHQWVDBFLWL]HQVBJXLGHBWRBSK\WRUHPHGLDWLRQ SGI
)DYDV 3-& 3UDWDV - 9DUXQ0 '
6RX]D 5 3DXO 06  $FFXPXODWLRQ RI XUDQLXP E\
DTXDWLF SODQWV LQ ILHOG FRQGLWLRQV SURVSHFWV IRU SK\WRUHPHGLDWLRQ 6FL 7RWDO (QYLURQ 
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± KWWSV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)HOL[ +  )LHOG WULDOV IRU LQ VLWX GHFRQWDPLQDWLRQ RI KHDY\ PHWDO SROOXWHG VRLOV XVLQJ
FURSV RI PHWDODFFXPXODWLQJ SODQWV = 3IODQ]HQHUQlKU %RGHQNG  ±
)LVKHU -% 0DWLVRII *  +LJK UHVROXWLRQ YHUWLFDO SURILOHV RI S+ LQ UHFHQW VHGLPHQWV
+\GURELRORJLD   ± KWWSVGRLRUJ%)
)|UVWQHU 8 6RORPRQV :  7UDFH PHWDO DQDO\VLV RQ SROOXWHG VHGLPHQWV 3DUW ,, HYDO
XDWLRQ RI HQYLURQPHQWDO LPSDFW (QYLURQ 7HFKQRO /HWW  ±
)URKQH 7 5LQNOHEH - 'LD]%RQH 5$  &RQWDPLQDWLRQ RI IORRGSODLQ VRLOV DORQJ WKH
:XSSHU 5LYHU *HUPDQ\ Z LWK $V &R &X 1L 6E DQG =Q DQG WKH LPSDFW RI SUHGHILQLWH
UHGR[ YDULDWLRQV RQ WKH PRELOLW\ RI WKHVH HOHPHQWV 6RLO 6HGLPHQW &RQWDP ,QW - 
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*DUED 67 1NDIDPLQ\D ,, %DUPLQDV -7  3K\WRUHPHGLDWLRQ LQIOXHQFH RQ GLIIHUHQW
OHYHO RI ('7$ RQ WKH SK\WRH[WUDFWLRQ DELOLW\ RI 3HQQLVHWXP SHGLFHOODWXP IRU WK H
PHWDOV FDGP LXP DQG ]LQF ,Q W  - (QJ 0DQDJ 6FL  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*HULQR 0 6WRUD * 'XUEHF -3  4XDQWLWDW LYH HVW LP DW LRQ RI ELRGLIIXVLYH DQG
ELRDGYHFWLYH VHGLPHQW PL[LQJ LQ VLWX H[SHULPHQWDO DSSURDFK 2FHDQRO $FWD  
±
*HULQR 0 6WRUD * *UDQFRLV&DUFDLOOHW ) *LOEHUW ) 3RJJLDOH -& 0HUPLOORG%ORQGLQ )
'HVURVLHUV * 9HUYLHU 3  0DFURLQYHUWHEUDWH IXQFWLRQDO JURXSV LQ IUHVKZDWHU
DQG PDULQH VHGLPHQWV D FRPPRQ PHFKDQLVWLF FODVVL FDWLRQ 9LH 0LOLHX  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*HULQR 0 9HUYLHU 3 3HUH] -06 *DXWKLHU /  'HYLFH IRU 3XULI\LQJ /LTXLG :DVWH
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GRLRUJ
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*HUWK  - %UXPPHU *: 7LOOHU .*  5HWHQWLRQ RI 1L =Q DQG &G E\ 6LDVVRFLDWHG
JRHWKLWH = 3IODQ]HQHUQlKU %RGHQNG  ±
*KRVK 0 6LQJK 63  $ UHYLHZ RQ SK\WRUHPHGLDWLRQ RI KHDY\ PHWDOV DQG XWLOL]D
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*LOEHUW ) +XOWK  6 *URVVL 9 3RJJLDOH -& 'HVURVLHUV * 5RVHQEHUJ 5 *HULQR 0
)UDQFRLV&DUFDLOOHW ) 0LFKDXG ( 6WRUD *  6HGLPHQW UHZRUNLQJ E\ PDULQH
EHQ WKLF VSHFLHV IURP WKH *XOOPDU )MRUG :HVWHUQ 6ZHGHQ  LP SRUWDQFH RI IDXQDO
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*R <0 5RHGH -5 2UU 0 /LDQJ < -RQHV '3  ,QWHJUDWHG UHGR[ SURWHRP LFV DQG
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*RQJ & 0D / &KHQJ + /LX < ;X ' /L % /LX ) 5HQ < /LX = =KDR & <DQJ . 1LH
+ /DQJ &  &KDUDFWHUL]DWLRQ RI WKH SDUW LFOH VL]H IUDFWLRQ DVVRFLDWHG KHDY\
PHWDOV LQ WURSLFDO DUDEOH VRLOV IURP +DLQDQ ,VODQG &KLQD - *HRFKHP  ([SORU 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*XR % /LDQJ < )X 4 'LQJ 1 /LX & /LQ < /L + /L 1  &DGPLXP VWDELOL]DWLRQ
ZLWK QXUVHU\ VWRFNV WKURXJK WUDQVSODQ WDWLRQ D QHZ DSSURDFK WR SK\WRUHPHGLDWLRQ 
- +D]DUG 0DWHU 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'HOOZ LQJ 2 %UDQG $ +XSIHU 0 0RRLM :+ 1XW]PDQQ  * /HZDQGRZVNL -
 7XEHGZHOOLQJ LQYHUWHEUDWHV W LQ\ HFRV\VWHP HQJLQHHUV KDYH ODUJH HIIHFWV LQ
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+RURZLW] $- 0H\EHFN 0 ,GODINLK  = %LJHU (  9DULDW LRQV LQ WUDFH HOHPHQ W
JHRFKHP LVWU\ LQ WKH 6HLQH 5LYHU %DVLQ EDVHG RQ IRRGSODLQ GHSRVLWV DQG EHG
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 GRLRUJ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.DEDWD3HQGLDV $  7UDFH (OHPHQWV LQ 6RLOV DQG 3ODQWV &5& 3UHVV 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3UHVV 7D\ORU DQG )UDQFLV *URXS //& KWWSVGRLRUJE
.HUPDQL $-1 *KDVHPL 0) .KRVUDYDQ $ )DUDKPDQG $ 6KDNLEDLH 05  &DG
P LXP ELRUHPHGLDW LRQ E\ PHWDOUHVLVWDQ W PXWDWHG EDFWHULD LVRODWHG IURP DFWLYH
VOXGJH RI LQGXVWULDO HIIOXHQW ,UDQ - (QYLURQ +HDOWK  6FL (QJ   ±
.LNXFKL ( .XULKDUD <  ,Q YLWUR 6WXGLHV RQ WKH (IIHFWV RI 7XELILFLGV RQ WKH %LRORJLFDO
&KHP LFDO DQG 3K\VLFDO &KDUDFWHULVW LFV RI 6XEPHUJHG 5LFHILHOG 6RLO DQG 2YHUO\LQJ
:DWHU  1RUGLF 6RFLHW\ 2LNRV SS ±
.OLQN $ 0DFLRá $ :LVáRFND0 .UDZF]\N -  0HWDO DFFXPXODWLRQ DQG GLVWULEXWLRQ
LQ WKH RUJDQV RI 7\SKD ODWLIROLD /  FDWWDLO DQG WKHLU SRWHQWLDO XVH LQ ELRLQGLFDWLRQ
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HQFHV 0DU (FRO 3URJ 6HU 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/DJDX]qUH 6 &RSSLQ ) *HULQR 0 'HOPRWWH 6 6WRUD * %RQ]RP  -0  $Q DOWHU
QDWLYH PHWKRG RI SDUWLFXODWH IOXRUHVFHQW WUDFHU DQDO\VLV LQ VHGLPHQWV XVLQJ D PLFUR
SODWH IOXRULPHWHU (QYLURQ 7HFKQRO   ±
/H'XF '/ 7HUU\ 1  3K\WRUHPHGLDWLRQ RI WR[LF WUDFH HOHPHQWV LQ VRLO DQG ZDWHU
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± KWWSVGRLRUJHV
/HH 6+ /HH -6 -HRQJ &KRL < .LP  -*  ,Q VLWX VWDELOL]DWLRQ RI FDGP LXP OHDG
DQG ]LQFFRQ WDP LQDWHG VRLO XVLQJ YDULRXV DPHQGPHQWV &KHPRVSKHUH   
± KWWSVGRLRUJMFKHPRVSKHUH
/HYHTXH 7 &DSRZLH] < 6FKUHFN ( 0D]]LD & $XIIDQ 0 )RXFDXOW < $XVWUX\ $ 'XPDW
&  $VVHVVLQJ HFRWR[LFLW\ DQG XSWDNH RI PHWDOV DQG PHWDOORLGV LQ UHODWLRQ WR WZR
GLIIHUHQW HDUWKZRUP VSHFLHV (LVHLQD KRUWHQVLV DQG /XPEULFXV WHUUHVWULV  (QYLURQ 
3ROOXW ± K WWSVGRLRUJMHQYSRO
/LDR % *XR = =HQJ 4 3UREVW $ 3UREVW -/  (IIHFWV RI DFLG UDLQ RQ FRPSHWLWLYH
UHOHDVHV RI &G &X DQG =Q IURP WZR QDWXUDO VRLOV DQG WZR FRQ WDP LQDWHG VRLOV LQ
+XQDQ  &KLQD $FLG 5DLQ  'HSRVLW LRQ WR 5HFRYHU\SS ± K WWSV GRLRUJ
B
/LX + 3UREVW  $ /LDR %  0HWDO FRQWDP LQDWLRQ RI VRLOV DQG FURSV DIIHFWHG E\ WKH
&KHQ]KRX OHDG ]LQF P LQH VSLOO +XQDQ  &KLQD  6FL 7RWDO (QYLURQ   ± 
± KWWSVGRLRUJMVFLWRWHQY
/MXQJ . 6HOLQXV 2 2WDEERQJ ( %HUJOXQG 0  0HWDO DQG DUVHQLF GLVWULEXWLRQ LQ
VRLO SDUW LFOH VL]HV UHOHYDQ W WR VRLO LQJHVWLRQ E\ FKLOGUHQ  $SSO *HRFKHP    
± KWWSVGRLRUJMDSJHRFKHP
/XNPDQ 6 (VVD0+0X
D]X 1' %XNKDUL $ %DVKHHU &  $GVRUSWLRQ DQG GHVRUS
WLRQ RI KHDY\ PHWDOV RQWR QDWXUDO FOD\ PDWHULDO LQIOXHQFH RI LQLWLDO S+ - (QYLURQ 6FL
7HFKQRO  ± K WWSVGRLRUJMHVW 
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/\XEHQRYD / 6FKU|GHU 3  3ODQWV IRU ZDVWH ZDWHU WUHDWPHQW  HIIHFWV RI KHDY\
PHWDOV RQ WKH GHWR[LILFDWLRQ V\VWHP RI 7\SKD ODWLIROLD %LRUHVRXU 7HFKQRO   
± K WWSVGRLRUJMELRUWHFK
0D /4 .RP DU .0 7X & =KDQJ : &DL < .HQQHOOH\ ('  $ IHUQ WK DW
K\SHUDFFXPXODWHV DUVHQ LF 1DWXUH    K WWSV GRLRUJ

0DQRXVDNL ( .DGXNRYD - 3DSDGDQWRQDNLV 1 .DORJHUDNLV 1  3K\WRH[WUDFWLRQ
DQG SK\WRH[FUHWLRQ RI &G E\ WKH OHDYHV RI 7DPDUL[ VP\UQHQVLV JURZLQJ RQ FRQWDP L
QDWHG QRQVDOLQH DQG VDOLQH VRLOV (QYLURQ  5HV   ± K WWSV GRLRUJ
MHQYUHV
0DWLVRII * :DQJ ; 0F&DOO 3/  %LRORJLFDO UHGLVWULEXWLRQ RI ODNH VHGLPHQWV E\ 7X
ELILFLG 2OLJRFKDHWHV %UDQFKLXUD VRZHUE\L DQG /LPQRGULOXV KRIIPHLVWHUL7XELIH[ WXELIH[
- *UHDW /DNHV 5HV   ±
0F&DOO 3/ )LVKHU -%  (IIHFWV RI WXELILFLG ROLJRFKDHWHV RQ SK\VLFDO DQG FKHP LFDO
SURSHUWLHV RI /DNH (ULH VHGLPHQWV ,Q %ULQNKXUVW 52 &RRN '* (GV $TXDWLF 2OL
JRFKDHWH %LRORJ\ 3OHQXP 3UHVV 1HZ <RUN SS ±
0HQGH] 02 0DLHU 50  3K\WRVWDELOL]DWLRQ RI PLQH WDLOLQJV LQ DULG DQG VHPLDULG
HQYLURQPHQWV  DQ HPHUJLQJ UHPHGLDWLRQ WHFKQRORJ\ (QYLURQ +HDOWK 3HUVSHFW 
 ± KWWSVGRLRUJHKS
0RUJDQ -( 1RUH\ &* 0RUJDQ $- .D\ -  $FRPSDULVRQ RI WKH FDGPLXPELQGLQJ
SURWHLQV LVRODWHG IURP WKH SRVWHULRU DOLPHQWDU\ FDQDO RI WKH HDUWKZRUPV 'HQGURGULOXV
UXELGXV DQG /XPEULFXV UXEHOOXV &RPS %LRFKHP  3K\VLRO &   ± K WWS 
GRLRUJ
0XVWDID * 6LQJK % .RRNDQD 56  &DGPLXP DGVRUSWLRQ DQG GHVRUSWLRQ EHKDYLRXU
RQ JRHWKLWH DW ORZ HTXLOLEULXP FRQFHQWUDWLRQV HIIHFWV RI S+ DQG LQGH[ FDWLRQV
&KHPRVSKHUH   ± KWWSGRLRUJMFKHPRVSKHUH
1DLGX 5 .RRNDQD 56 6XPQHU 0( +DUWHU 5' 7LOOHU .*  &DGPLXP VRUSWLRQ
DQG WUDQVSRUW LQ YDULDEOH FKDUJH VRLOV D UHYLHZ - (QYLURQ 4XDO  ±
1DLU $5 'H*KHVHOOH 2 6PHHWV . 9DQ .HUNKRYH ( &X\SHUV $  &DGP LXP 
LQGXFHG SDWKRORJLHV ZKHUH LV WKH R[LGDWLYH EDODQFH ORVW RU QRW" ,QW - 0RO 6FL 
  ± KWWS GRLRUJLMPV
1
JXHVVDQ <0 3UREVW  -/ %XU 7 3UREVW $  7UDFH HOHPHQWV LQ VWUHDP EHG VHGL
PHQWV IURP DJULFXOWXUDO FDWFKPHQWV *DVFRJQH UHJLRQ 6: )UDQFH  ZKHUH GR WKH\
FRPH IURP " 6FL 7RWDO (QYLURQ     ± K WWS  GRLRUJ
MVFLWRWHQY
2IILFHU &% /\QFK  '5  ,QWHUSUHWDWLRQ SURFHGXUHV IRU WKH GHWHUP LQDWLRQ RI VHGL
PHQW SDUDPHWHUV IURP WLP HGHSHQGHQW IOX[ LQSXWV (DUWK 3ODQHW 6FL /HWW   
± KWWSGRLRUJ;
3DOKHLURV % 'XDUWH $& 2OLYHLUD -3 +DOO $  7KH LQIOXHQFH RI S+ LRQLF VWUHQJWK
DQG FKORULGH FRQFHQWUDWLRQ RI WKH DGVRUSWLRQ RI FDGPLXP E\ D VHGLPHQW :DWHU 6FL
7HFKQRO  ±
3DQGH\ 9& 6LQJK 1 6LQJK 53 6LQJK '3  5KL]RUHPHGLDWLRQ SRWHQWLDO RI VSRQ
WDQHRXVO\ JURZQ 7\SKD ODWLIROLD RQ IO\ DVK EDVLQV VWXG\ IURP WKH ILHOG (FRO (QJ 
± KWWS GRLRUJMHFROHQJ
3HWHUVRQ  *6 $QNOH\ *7 /HRQDUG (1  (IIHFW RI ELRWXUEDWLRQ RQ PHWDOVXOILGH R[
LGDWLRQ LQ VXUILFLDO IUHVKZDWHU VHGLPHQWV (QYLURQ 7R[LFRO &KHP    ±
KWWSGRLRUJE(2%2061&2
3RNURYVN\ 26 3UREVW  $ /HYLHO ( /LDR %  ,QWHUDFWLRQV EHWZHHQ FDGPLXP DQG
OHDG Z LWK DFLGLF VRLOV H[SHU LPHQ WDO HYLGHQFH RI VLP LODU DGVRUSWLRQ SDWWHUQ V IRU D
Z LGH UDQJH RI PHWDO FRQFHQ WUDWLRQV DQG WKH LPSOLFDWLRQV RI PHWDO P LJUDWLRQ 
- +D]DUG 0DWHU ± ± KWWSGRLRUJMMKD]PDW
3UDVDG 019 )UHLWDV + 0 GH 2  0HWDO K\SHUDFFXPXODWLRQ LQ SODQWV ERLGLYHUVLW\
SURVSHFWLQJ IRU SK\WRUHPHGLDWLRQ WHFKQRORJ\ (OHFWURQ - %LRWHFKQRO   ±
KWWSGRLRUJYROLVVXHIXOOWH[W
3UREVW  $ 	 *XLOORX[ - 1DWXUDO ZHWODQGV LQ XUEDQ DUHD DQ HIIHFWLYH WRRO RI PHWDOOLF GH
FRQWDPLQDWLRQ" :DWHU 6FL 7HFKQRO  LQ SUHS
3UREVW  $ +HUQDQGH] / 3UREVW  -/  +HDY\ PHWDOV SDUWLRQLQJ LQ WKUHH )UHQFK IRUHVW
VRLOV E\ VHTXHQWLDO H[WUDFWLRQ SURFHGXUH - 3K\V ,9 )UDQFH  ±
3UREVW  $ /LX + )DQMXO 0 /LDR % +ROODQGH (  5HVSRQVH RI 9LFLD IDED / WR PHWDO
WR[LFLW\ RQ P LQH WDLOLQJ VXEVWUDWH JHRFKHP LFDO DQG PRUSKRORJLFDO FKDQJHV LQ
OHDI DQG URRW (QYLURQ  ([S  %RW    ± K WWSV GRLRUJ
MHQYH[SERW
3URIILW  6 3UREVW $  (WXGH GX FRPSRUWHPHQW HW GHV VRXUFHV GHV (OpPHQWV 7UDFHV
0pWDOOLTXHV GDQV OD *DURQQH PR\HQQH HW VHV DIIOXHQWV 8QLYHUVLWp 3DXO 6DEDWLHU 7RX
ORXVH ,,,
5HPDLOL 70 6LPSVRQ 6/ $PDWR (' 6SDGDUR '$ -DUROLPHN &9 -ROOH\ ') 
7KH LPSDFW RI VHGLPHQW ELRWXUEDWLRQ E\ VHFRQGDU\ RUJDQ LVPV RQ PHWDO ELRDYDLODELOL
W\ ELRDFFXPXODWLRQ DQG WR[LFLW\ WR WDUJHW RUJDQLVPV LQ EHQ WKLF ELRDVVD\V LPSOLFD
W LRQV IRU VHGLPHQW TXDOLW\ DVVHVVP HQW (QYLURQ  3ROOX W   -DQXDU\  K WWS GRLRUJ
MHQYSRO
5LQNOHEH - 6KDKHHQ 60 <X .  5HOHDVH RI $V %D &G &X 3E DQG 6U XQGHU SUH
GHILQ LWH UHGR[ FRQGLW LRQV LQ GLIIHUHQ W ULFH SDGG\ VRLOV RULJLQDW LQJ IURP WKH 86$
DQG $VLD *HRGHUPD  ± KWWSGRLRUJMJHRGHUPD
5RGULJXH] 3 0DUWLQH]0DGULG 0 $UUDWH -$ 1DYDUUR (  6HOHFWLYH IHHGLQJ E\ WKH
DTXDWLF ROLJRFKDHWH 7XELIH[ WXELIH[ 7XELILFLGDH &OLWHOODWD +\GURELRORJLD  
± K WWS GRLRUJ$
6DNXOWDQWLPHWKD $ %DQJNHGSKRO 6 /DXKDFKLQGD 1 +RPFKDQ 8 6RQJVDVHQ $ 
(QYLURQPHQWDO IDWH DQG WUDQVSRUWDWLRQ RI FDGPLXP  OHDG DQG PDQJDQHVH LQ D ULYHU
HQYLURQPHQW XVLQJ WKH HSLVXLWH SURJUDP .DVHWVDUW - 1DW 6FL   ±
6DOYDUUHG\$UDQJXUHQ  00 3UREVW  $ 5RXOHW  0 ,VDXUH 03  &RQWDP LQDWLRQ RI
VXUIDFH ZDWHUV E\ P LQ LQJ ZDVWHV LQ WKH 0LOOXQ L 9DOOH\ &RUG LOOHUD 5HDO %ROLYLD 
P LQHUDORJLFDO DQG K\GURORJLFDO LQIOXHQFHV $SSO *HRFKHP     ±
KWWSGRLRUJMDSJHRFKHP
6DQ WLOODQ0HGUDQR - -XULQDN --  7KH FKHPLVWU\ RI OHDG DQG FDGPLXP LQ VRLO VROLG
SKDVH IRUPDWLRQ $PHULFD -RXUQDO@±! 6RLO 6FL 6RF $P  -   -DQXDU\   
KWWSGRLRUJVVVDM[
6DVPD] $ 2EHN ( +DVDU +  7KH DFFXPXODWLRQ RI KHDY\ PHWDOV LQ 7\SKD ODWLIROLD /
JURZQ LQ D VWUHDP FDUU\LQJ VHFRQGDU\ HIIOXHQW (FRO (QJ  ±  ± KWWS
GRLRUJMHFROHQJ
6FKlIHU - 1RUUD 6 .OHLQ  ' %ODQF *  0RELOLW\ RI WUDFH PHWDOV DVVRFLDWHG Z LWK
XUEDQ SDUWLFOHV H[SRVHG WR QDWXUDO ZDWHUV RI YDULRXV VDOLQLWLHV IURP WKH *LURQGH (VWX
DU\ )UDQFH - 6RLOV 6HGLPHQWV    ± KWWSGRLRUJV

6KDFNHOIRUG &' 'DQLHO '(  'LIIXVLRQ LQ VDWXUDWHG VRLO ,, UHVXOWV IRU FRPSDFWHG
FOD\ - *HRWHFK (QJ  KWWSVGRLRUJ
6KDKHHQ  60 5LQNOHEH - )URKQH 7 :KLWH  -5 'H/DXQH 5'  5HGR[ HIIHFWV
RQ UHOHDVH NLQHWLFV RI DUVHQLF FDGPLXP FREDOW DQG YDQDGLXP LQ :D[ /DNH 'HOWDLF
IUHVKZDWHU PDUVK VRLOV &KHPRVSKHUH  ± K WWS  GRLRUJ
MFKHPRVSKHUH
6KHRUDQ  9 6KHRUDQ $6 3RRQLD 3  )DFWRUV DIIHFWLQJ SK\WRH[WUDFWLRQ D UHYLHZ
3HGRVSKHUH    ± KWWSGRLRUJ6
6LPPRQV 5: 3RQJVDNXO 3 6DL\DVLWSDQLFK ' .OLQSKRNODS 6  (OHYDWHG OHYHOV RI
ODGPLXP DQG ]LQF LQ SDGG\ VRLOV DQG HOHYDWHG OHYHOV RI FDGPLXP LQ ULFH JUDLQ GRZQ
VWUHDP RI D ]LQF PLQHUDOL]HG DUHD LQ 7KDLODQG LPSOLFDWLRQV IRU SXEOLF KHDOWK  (QYLURQ
*HRFKHP +HDOWK  ±  ± KWWSGRLRUJV]
6LPSVRQ 6/ %DWOH\ *(  'LVWXUEDQFHV WR PHWDO SDUWLWLRQLQJ GXULQJ WR[LFLW\ WHVWLQJ
RI LURQ,, ULFK HVWXDULQH SRUH ZDWHUV DQG ZKROH VHGLPHQWV (QYLURQ 7R[LFRO &KHP
   ± K WWS GRLRUJ E'703'71
&2
6LQJK  5 6LQJK '3 .XPDU 1 %KDUJDYD 6. %DUPDQ 6&  $FFXPXODWLRQ DQG
WUDQVORFDW LRQ RI KHDY\ PHWDOV LQ VRLO DQG SODQ WV IURP IO\ DVK FRQ WDP LQDWHG DUHD
- (QYLURQ %LRO    ±
6LQKD 5. 9DODQL ' 6LQKD 6 6LQJK 6 +HUDW  6  %LRUHPHGLDWLRQ RI FRQWDPLQDWHG
VLWHV D ORZ FRVW QDWXUH
V ELRWHFKQRORJ\ IRU HQYLURQPHQWDO FOHDQ XS E\ YHUVDWLOH P L
FUREHV SODQWV 	 HDUWKZRUPV 6ROLG :DVWH 0DQDJHPHQW DQG (QYLURQPHQWDO 5HPHGL
DWLRQ 6ROLG :DVW 1RYD 6FLHQFH 3XEOLVKHUV
6XWKHUODQG 5$  /HDG LQ JUDLQ VL]H IUDFWLRQV RI URDGGHSRVLWHG VHGLPHQW (QYLURQ
3ROOXW    ± KWWSGRLRUJ6
7HDO /5 3DUNHU (5 6RODQ0  &RXSOLQJ ELRWXUEDWLRQ DFWLYLW\ WR PHWDO )H DQG 0Q
SURILOHV LQ VLWX %LRJHRVFLHQFHV    ± KW WS GRLRUJEJ

7HH\DNDVHP: 1LVKLMR 0 +RQGD 5 6DWDUXJ 6  0RQLWRULQJ RI &DGPLXP 7R[LFLW\
LQ D 7KDL 3RSXODW LRQ Z LWK +LJKOHYHO (QYLURQPHQWDO ([SRVXUH  SS ±
KWWSGRLRUJMWR[OHW
9DQJURQVYHOG - +HU]LJ 5 :H\HQV 1 %RXOHW - $GULDHQVHQ . 5XWWHQV $ 7KHZ\V 7
9DVVLOHY $ 0HHUV ( 1HKQHYDMRYD ( /HOLH ' YG  	 0HQFK  0 
3K\WRUHPHGLDWLRQ RI FRQWDPLQDWHG VRLOV DQG JURXQGZDWHU OHVVRQV IURP WKH ILHOG (Q
YLURQ 6FL 3ROOXW 5HV   ± KWWS GRLRUJV
:DQJ 5 =KX ; 4LDQ : =KDR 0 ;X 5 <X <  $GVRUSWLRQ RI &G ,, E\ WZR
YDULDEOHFKDUJH VRLOV LQ WKH SUHVHQFH RI SHFWLQ  (QYLURQ  6FL 3ROOXW  5HV   
± KWWSGRLRUJV]
:HLV -6 :HLV 3  0HWDO XSWDNH WUDQVSRUW DQG UHOHDVH E\ ZHWODQG SODQWV LPSOLFD
WLRQV IRU SK\WRUHPHGLDWLRQ DQG UHVWRUDWLRQ (QYLURQ ,QW     ± KWWS
GRLRUJMHQYLQW
:HQWZRUWK  &.  $ VFDOH RI JUDGH DQG FODVV WHUPV IRU FODVWLF VHGLPHQWV - *HRO 
 ± KWWSGRLRUJ
:LOOLDPV / :LOOLDP V / 3LW WPDQ - 3LW WPDQ - +DOO - +DOO -  (PHUJLQJ PHFKD
QLVPV IRU KHDY\ PHWDO WUDQVSRUW LQ 3ODQWV %LRFKLP %LRSK\V $FWD  ±
<X ; &KHQJ - :RQJ 0+  (DUWKZRUP ± 0\FRUUKL]D ,QWHUDFWLRQ RQ &G 8SWDNH DQG
*URZWK RI 5\HJUDVV SS ± KWWSVGRLRUJMVRLOELR
=KDQJ %< =KHQJ -6 6KDUS  5*  3K\WRUHPHGLDW LRQ LQ HQJLQHHUHG ZHWODQGV
PHFKDQLVP V DQG DSSOLFDW LRQV 3URFHGLD (QYLURQ 6FL    ± KWWS  
GRLRUJMSURHQY
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